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EP 1 684 116 A2
Description
Background of the Invention
1. Field of the Invention

[0001] The presentinvention relates to a photosensitive composition capable of changing its properties by undergoing
a reaction upon irradiation with actinic rays or radiation, a compound for use in the photosensitive composition, and a
pattern forming method using the photosensitive composition. More specifically, the present invention relates to a pho-
tosensitive composition for use in the production process of a semiconductor such as IC, in the production of a circuit
substrate of liquid crystal, thermal head and the like, in other photofabrication processes or in the lithographic printing
plate or acid-curable composition, and also relates to a compound for use in the photosensitive composition and a pattern
forming method using the photosensitive composition.

2. Background Art

[0002] The chemical amplification resist composition is a pattern forming material capable of forming a pattern on a
substrate by producing an acid in the exposed area upon irradiation with actinic rays or radiation such as far ultraviolet
light, and through a reaction using this acid as the catalyst, causing the area irradiated with actinic rays or radiation and
the area not irradiated therewith to change in the solubility in a developer.

[0003] In the case of using a KrF excimer laser as the exposure light source, a resin having small absorption in the
region of 248 nm and having a basic skeleton of poly(hydroxystyrene) is primarily used as the main component and this
is an excellent system capable of forming a good pattern with high sensitivity and high resolution as compared with
conventional naphthoquinonediazide/novolak resin systems.

[0004] In the case of using a light source of emitting light at wavelengths shorter than that, for example, in using an
ArF excimer laser (193 nm) as the light source, a satisfactory pattern cannot be formed even by the above-described
chemical amplification system because the compound having an aromatic group substantially has large absorption in
the region of 193 nm.

[0005] In order to solve this problem, a resist containing a resin having an alicyclic hydrocarbon structure with high
transparency has been developed for use with an ArF excimer laser. However, the alicyclic structure generally has low
polarity, and the reactivity for deprotection in the resin is greatly decreased as compared with that in poly(hydroxystyrene).
Therefore, an acid having high acidity is necessary for the image formation and a specific organic sulfonic acid is used,
forexample, in Patent Document 1 (JP-A-2002-131897 (the term "JP-A" as used herein means an "unexamined published
Japanese patent application")), Patent Document 2 (JP-A-2003-149812), Patent Document 3 (JP-T-11-501909 (the term
(theterm "JP-T" as used herein means a "published Japanese translation of a PCT patent application")), Patent Document
4 (JP-A-6-242606), Patent Document 5 (JP-A-11-160861) and Patent Document 6 (U.S. Patent Application
2004/0087690A1).

[0006] However, many points still remain unsatisfied, and more improvement is demanded with respect to the sensi-
tivity, exposure latitude, pattern profile, pitch dependency, and the like.

Summary of the Invention

[0007] An object of the present invention is to provide a photosensitive composition excellent in the sensitivity and
resolution and improved in the exposure latitude, pattern profile and pitch dependency, a compound for use in the
photosensitive composition, and a pattern forming method using the photosensitive composition.

[0008] The present invention is as follows.

1. A photosensitive composition comprising (A) a compound capable of generating an organic acid having a bond
which is cleaved by an acid, upon irradiation with actinic rays or radiation.

2. The photosensitive composition as described in the item 1, which comprises (A) a compound capable of generating
an organic acid having a structure represented by the following formula (I) upon irradiation with actinic rays or
radiation:

N 0
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3. The photosensitive composition as described in the item 1 or 2, which comprises (A) a compound capable of
generating an organic acid represented by the following formula (ll) upon irradiation with actinic rays or radiation:

HO,S—A—X—B—R (I

wherein

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(RXx)-,

Rx represents a hydrogen atom or a monovalent organic group,

R represents a monovalent organic group containing a nitrogen atom, said nitrogen atom being substituted by the
following formula (111):

0O

| oy
—C—O0—R'

R’ represents a monovalent organic group, and

when B is -N(Rx)-, R and Rx may combine to form a ring.

4. The photosensitive composition as described in the item 3, wherein the compound (A) capable of generating an
organic acid represented by formula (1) upon irradiation with actinic rays or radiation is a sulfonium salt compound
of the organic acid represented by formula (Il) or an iodonium salt compound of the organic acid represented by
formula (I).

5. The photosensitive composition as described in any one of the items 1 to 4, which further comprises (A’) a
compound capable of generating an acid compound other than the organic acid, upon irradiation with actinic rays
or radiation.

6. The photosensitive composition as described in the item 5, wherein the compound (A’) is a sulfonium salt of
fluorine-substituted alkanesulfonic acid, fluorine-substituted benzenesulfonic acid or a fluorine-substituted imide
acid.

7. The photosensitive composition (positive photosensitive composition) as described in any one of the items 1 to
6, which further comprises (B) a resin capable of decomposing under the action of an acid to increase the solubility
in an alkali developer.

8. The photosensitive composition as described in the item 7, wherein the resin (B) has a fluorine atom in the main
or side chain.

9. The photosensitive composition as described in the item 8, wherein the resin (B) has a hexafluoroisopropanol
structure.

10. The photosensitive composition as described in any one of the items 7 to 9, wherein the resin (B) has a hydrox-
ystyrene structural unit.

11. The photosensitive composition as described in any one of the items 7 to 10, wherein the resin (B) has at least
one repeating unit selected from 2-alkyl-2-adamantyl (meth)-acrylate and dialkyl(1-adamantyl)methyl (meth)acrylate.
12. The photosensitive composition as described in the item 7, wherein the resin (B) has a monocyclic or polycyclic
alicyclic hydrocarbon structure.

13. The photosensitive composition as described in the item 12, wherein the resin (B) has at least one repeating
unit selected from 2-alkyl-2-adamantyl (meth)acrylate and dialkyl(1-adamantyl)methyl (meth)acrylate, at least one
repeating unit having a lactone structure, and at least one repeating unit having a hydroxyl group.

14. The photosensitive composition as described in the item 12 or 13, wherein the resin (B) further has a repeating
unit having a carboxyl group.

15. The photosensitive composition as described in the item 7, wherein the resin (B) has a silicon atom in the main
or side chain.

16. The photosensitive composition as described in the item 7, wherein the resin (B) has a repeating unit having a
lactone structure.

17. The photosensitive composition as described in any one of the items 1 to 16, which further comprises (C) a
dissolution inhibiting compound capable of decomposing under the action of an acid to increase the solubility in an
alkali developer and having a molecular weight of 3,000 or less.

18. The photosensitive composition as described in the item 17, which further comprises (D) a resin soluble in an
alkali developer.



10

15

20

25

30

35

40

45

50

55

EP 1 684 116 A2

19. The photosensitive composition (negative photosensitive composition) as described in any one of the items 1
to 4, which further comprises (D) a resin soluble in an alkali developer, and (E) an acid crosslinking agent capable
of crosslinking with the resin soluble in an alkali developer under the action of an acid.

20. The photosensitive composition as described in any one of the items 1 to 19, which further comprises at least
one of (F) a basic compound and (G) a fluorine- and/or silicon-containing surfactant.

21. The photosensitive composition as described in the item 20, wherein the basic compound (F) is a compound
having a structure selected from an imidazole structure, a diazabicyclo structure, an onium hydroxide structure, an
onium carboxylate structure, a trialkylamine structure, an aniline structure and a pyridine structure, an alkylamine
derivative having a hydroxyl group and/or an ether bond, or an aniline derivative having a hydroxyl group and/or an
ether bond.

22. A pattern forming method comprising: forming a resist film from the photosensitive composition described in any
one of the items 1 to 21; and exposing and developing said resist film.

23. An organic acid having a structure represented by the following formula (I) and a salt thereof:

0
\N———! —0— O

/

24. An organic acid represented by the following formula (II) and a salt thereof:
HO; S—A—X—B—R (1

wherein

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(Rx)-,

Rx represents a hydrogen atom or a monovalent organic group,

R represents a monovalent organic group containing a nitrogen atom, said nitrogen atom being substituted by the
following formula (1l1):

0]

—C—O0—R' (I1)

R’ represents a monovalent organic group, and

when B is -N(Rx)-, R and Rx may combine to form a ring.

25. A sulfonium salt compound of an organic acid represented by the following formula (II) or an iodonium salt
compound of an organic acid represented by the following formula (II):

HO; S—A—X—B—R )

wherein

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(Rx)-,

Rx represents a hydrogen atom or a monovalent organic group,

R represents a monovalent organic group containing a nitrogen atom, said nitrogen atom being substituted by the
following formula (111):
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0

| y
—C—O0—R

R’ represents a monovalent organic group, and
when B is -N(Rx)-, R and Rx may combine to form a ring.

[0009] According to the present invention, a photosensitive composition excellent in the sensitivity, resolution and
pattern profile, assured of large exposure latitude and small pitch dependency, and improved in the sensitivity and
dissolution contrast at the exposure with EUV light, a pattern forming method using the photosensitive composition, and
a compound useful for the photosensitive composition can be provided.

BRIEF DESCRIPTION OF THE DRAWING

[0010] Fig. 1is a schematic view of the two-beam interference exposure testing apparatus
Description of Numerical References

[0011]

1 Laser

2 Diaphragm

3 Shutter

4, 5, 6 Reflecting mirrors

7 Condenser lens

8 Prism

9 Immersion solution

10 Wafer with antireflection film and resist film
11 Wafer stage

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention is described in detail below.

[0013] In the present invention, when a group (atomic group) is denoted without specifying whether substituted or
unsubstituted, the group includes both a group having no substituent and a group having a substituent. For example,
an "alkyl group" includes not only an alkyl group having no substituent (unsubstituted alkyl group) but also an alkyl group
having a substituent (substituted alkyl group).

[0014] The positive photosensitive composition, preferably positive resist composition, of the present invention com-
prises (A) a compound capable of generating an organic acid represented by formula (l) upon irradiation with actinic
rays or radiation and (B) a resin capable of decomposing under the action of an acid to increase the solubility in an alkali
developer and if desired, further comprises (C) a dissolution inhibiting compound capable of decomposing under the
action of an acid to increase the solubility in an alkali developer and having a molecular weight of 3,000 or less. Alter-
natively, the positive photosensitive composition comprises (A) a compound capable of generating an organic acid
represented by formula (1) upon irradiation with actinic rays or radiation, (D) a resin soluble in an alkali developer and
(C) a dissolution inhibiting compound capable of decomposing under the action of an acid to increase the solubility in
an alkali developer and having a molecular weight of 3,000 or less.

[0015] The negative photosensitive composition, preferably negative resist composition, of the present invention com-
prises (A) a compound capable of generating an organic acid represented by formula (l) upon irradiation with actinic
rays or radiation, (D) a resin soluble in an alkali developer and (E) an acid crosslinking agent capable of crosslinking
with the alkali developer-soluble resin under the action of an acid.

(A) Compound capable of generating an organic acid having a bond which is cleaved by an acid, upon irradiation with
actinic rays or radiation

[0016] The photosensitive composition of the present invention comprises (A) a compound capable of generating an
organic acid having a bond which is cleaved by an acid, upon irradiation with actinic rays or radiation.
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[0017] Thecompound (A) generates an organic acid by receiving actinic rays or radiation from, for example, an excimer
laser such as KrF and ArF. This organic acid has, within the molecule, a bond which is cleaved by an acid. At this time,
the acid for decomposing the organic acid may be the organic acid itself generated from the compound (A) or may be
other acid. The other acid includes (A’) a compound capable of generating an acid compound other than that described
above. By using such a compound (A) in the photosensitive composition, the resolution is enhanced.

[0018] Examples of the bond which is contained in the organic acid generated from the compound (A) and which is
cleaved by the effect of an acid include an amide bond, an ester bond, an acetal bond, a carbamoyl bond and a carbonate
bond.

0 0
! | 0
o~ P e I
C
I!I | - \o/
amino bond ' amido bond ester bond
N 0 0 O
/o\c/o\ ~ \ﬁ/ ~ - \ﬁ/ ™~
/\ 0 0
acetal bond carbamoy! bond carbonate bond

[0019] The structure having such a bond which is cleaved by an acid is preferably a carbamoyl structure represented
by the following formula (I):

0
\N——ICI —0— - D

/

[0020] The organic acid generated from the compound (A) is more preferably an organic acid represented by the
following formula (Il). By applying such a compound to the photosensitive composition, the exposure latitude, pattern
profile and pitch dependency are improved.

HO; S—A—X—B—R Iy

[0021] In formula (I1),

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(RXx)-,

Rx represents a hydrogen atom or a monovalent organic group,

R represents a monovalent organic group containing a nitrogen atom, the nitrogen atom being substituted by the following
formula (111):
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O

I
—C—0—R' (o

R’ represents a monovalent organic group, and

when B is -N(Rx)-, R and Rx may combine to form a ring.

[0022] The divalent linking group as A is preferably a divalent organic group having a carbon number of | to 8, and
examples thereof include an alkylene group and a phenylene group. The divalent linking group as A is more preferably
an alkylene group (preferably having a carbon number of 2 to 6, more preferably from 2 to 4). The alkylene group may
contain, inthe alkylene chain, a linking group such as oxygen atom and sulfur atom. The alkylene group may be substituted
by a fluorine atom and in this case, the alkylene group is preferably an alkylene group where from 30 to 100% by number
of the hydrogen atom is replaced by a fluorine atom, more preferably an alkylene group where the carbon atom bonded
to the HO;S-site has a fluorine atom, still more preferably a perfluoroalkylene group, and most preferably a perfluor-
oethylene group, a perfluoropropylene group or a perfluorobutylene group, because the sensitivity is enhanced.
[0023] The monovalent organic group as Rx and Rx’ is preferably a monovalent organic group having a carbon number
of 4 to 20, and examples thereof include an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group and an alkenyl
group.

[0024] The alkyl group as Rx, which may have a substituent, is preferably a linear or branched alkyl group having a
carbon number of 1 to 20 and may contain, in the alkyl chain, an oxygen atom, a sulfur atom or a nitrogen atom. Specific
examples thereof include a linear alkyl group such as methyl group, ethyl group, n-propyl group, n-butyl group, n-pentyl
group, n-hexyl group, n-octyl group, n-dodecy! group, n-tetradecyl group and n-octadecyl group; and a branched alkyl
group such as isopropyl group, isobutyl group, tert-butyl group, neopentyl group and 2-ethylhexyl group.

[0025] The alkyl group having a substituent particularly includes a group where a cycloalkyl group is substituted to a
linear or branched alkyl group, such as adamantylmethyl group, adamantylethyl group, cyclohexylethyl group and cam-
phor residue.

[0026] The cycloalkyl group as Rx, which may have a substituent, is preferably a cycloalkyl group having a carbon
number of 3 to 20 and may contain, in the ring, an oxygen atom. Specific examples thereof include a cyclopropyl group,
a cyclopentyl group, a cyclohexyl group, a norbornyl group and an adamantyl group.

[0027] The aryl group as Rx, which may have a substituent, is preferably an aryl group having a carbon number of 6
to 14, and examples thereof include a phenyl group and a naphthyl group.

[0028] The aralkyl group as Rx is preferably an aralkyl group having a carbon number of 7 to 20, and examples thereof
include a benzyl group, a phenethyl group, a naphthylmethyl group and a naphthylethyl group.

[0029] The alkenyl group as Rx includes a group having a double bond at an arbitrary position of the alkyl group
described for Rx.

[0030] R is a monovalent organic group containing at least one nitrogen atom, the nitrogen atom being substituted by
a substituent of formula (Ill), and the monovalent organic group as R preferably has a carbon number of 5 to 20. Examples
thereof include an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group and an alkenyl group, each having a
nitrogen atom substituted by formula (l11), and these are the same as those described for Rx.

[0031] R’is a monovalent organic group preferably having a carbon number of 4 to 15, and examples thereof include
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group and an alkenyl group. These are the same as those
described for Rx. In particular, R’ is preferably an alkyl group or an aralkyl group.

[0032] The organic acid having a structure represented by formula (I), the organic acid represented by formula (ll)
and salts thereof are novel compounds.

[0033] The organic acid of the present invention can be synthesized by using a general sulfonic acid esterification
reaction or sulfonamidation reaction. For example, in the case of an organic acid having a structure represented by
formula (1), a method of selectively reacting one sulfonyl halide moiety of a bis-sulfonyl halide compound with an amine,
alcohol or the like containing a partial structure represented by formula (I) to form a sulfonamide bond or a sulfonic acid
ester bond, and then hydrolyzing the other sulfonyl halide moiety, or a method of ring-opening a cyclic sulfonic anhydride
by an amine or alcohol containing a partial structure represented by formula () may be used. The amine or alcohol
containing a partial structure represented by formula (I) can be synthesized by reacting an amine or alcohol with an
anhydride (e.g., (R'0,C),0, R'O,CCI) or an acid chloride compound under basic condition.

[0034] Specific preferred examples of the organic acid of the present invention, namely, the organic acid being gen-
erated by the irradiation of actinic rays or radiation on the compound (A) and having a bond which is cleaved by an acid,
are set forth below, but the present invention is not limited thereto.
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— 0 0
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HO3S(CHag)—O h) | | o
] = ]
0
o—|— ’ |

[0035] The compound (A) is preferably a sulfonium salt compound or iodonium salt compound of an organic acid
having a bond which is cleaved by an acid, more preferably a compound represented by the following formula (A1) or (A2):

R201
R,,,—ST x~ Al
202 | ( )
R203
1IRZOS
+ —
,I X (A2)
R204

[0036] Informula (A1), Rygq, Rogp @and Ryg3 each independently represents an organic group.

[0037] X represents an anion of an organic acid having a bond which is cleaved by an acid.

[0038] The carbon number of the organic group as R,q4, Rygo @and Ryg3 is generally from 1 to 30, preferably from 1 to 20.
[0039] Two members out of Ry to Ryg3 may combine to form a ring structure and the ring may contain an oxygen
atom, a sulfur atom, an ester bond, an amide bond or a carbonyl group. Examples of the group formed by combining
two members out of Ryg4 to Ryg3 include an alkylene group (e.g., butylene, pentylene).

[0040] Specific examples of the organic group as Ryg¢, Rypo and Ryg5 include the corresponding groups in the com-
pounds (A1a), (A1b) and (A1c) described later.

[0041] The compound may be a compound having a plurality of structures represented by formula (A1). For example,
the compound may be a compound having a structure that at least one of R, to Ryg3 in the compound represented
by formula (A1) is bonded to at least one of Ry5¢ to Ryg4 in another compound represented by formula (A1).

[0042] The component (A1) is more preferably a compound (A1a), (A1b) or (A1c) described below.

[0043] The compound (A1a) is an arylsulfonium compound where at least one of Ryg4 to Ryg3 in formula (A1) is an
aryl group, that is, a compound having arylsulfonium as the cation.

[0044] In the arylsulfonium compound, Ryq1 to Ryg3 all may be an aryl group or a part of Ry4 to Ryg3 may be an aryl
group with the remaining being an alkyl group or a cycloalkyl group.

[0045] Examples of the arylsulfonium compound include a triarylsulfonium compound, a diarylalkylsulfonium com-
pound, a diarylcycloalkylsulfonium compound, an aryldialkylsulfonium compound, an aryldicycloalkylsulfonium com-

10
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pound and an arylalkylcycloalkylsulfonium compound.

[0046] The aryl group in the arylsulfonium compound is preferably a phenyl group or a naphthyl group, more preferably
a phenyl group. In the case where the arylsulfonium compound has two or more aryl groups, these two or more aryl
groups may be the same of different.

[0047] The alkyl group which is present, if desired, in the arylsulfonium compound is preferably a linear or branched
alkyl group having a carbon number of 1 to 15, such as methyl group, ethyl group, propyl group, n-butyl group, sec-butyl
group and tert-butyl group.

[0048] The cycloalkyl group which is present, if desired, in the arylsulfonium compound is preferably a cycloalkyl group
having a carbon number of 3 to 15, such as cyclopropyl group, cyclobutyl group and cyclohexyl group.

[0049] The aryl group, alkyl group and cycloalkyl group of Ryy¢ to Ryg3 €ach may have, as the substituent, an alkyl
group (for example, an alkyl group having a carbon number of 1 to 15), a cycloalkyl group (for example, a cycloalkyl
group having a carbon number of 3 to 15), an aryl group (for example, an aryl group having a carbon number of 6 to
14), an alkoxy group (for example, an alkoxy group having a carbon number of 1 to 15), a halogen atom, a hydroxyl
group or a phenylthio group. The substituent is preferably a linear or branched alkyl group having a carbon number of
1 to 12, a cycloalkyl group having a carbon number of 3 to 12, or a linear, branched or cyclic alkoxy group having a
carbon number of 1 to 12, and most preferably an alkyl group having a carbon number of 1 to 4, or an alkoxy group
having a carbon number of 1 to 4. The substituent may be substituted to any one of three members R4 to Ryg3 or may
be substituted to all of these three members. In the case where Ry to Ryo3 are an aryl group, the substituent is preferably
substituted at the p-position of the aryl group.

[0050] The compound (A1b) is described below.

[0051] The compound (A1b) is a compound when Rygq to Ry in formula (A1) each independently represents an
organic group not containing an aromatic ring. The aromatic ring as used herein includes an aromatic ring having a
heteroatom.

[0052] The organic group as Ryq4 to Ryg3 not containing an aromatic ring has a carbon number of generally from 1 to
30, preferably from 1 to 20.

[0053] R,yq to Ryp3 each independently represents preferably an alkyl group, a cycloalkyl group, an allyl group or a
vinyl group, more preferably a linear or branched 2-oxoalkyl group, a 2-oxocycloalkyl group or an alkoxycarbonylmethyl
group, still more preferably a linear or branched 2-oxoalkyl group.

[0054] The alkyl group as Rygq to Ryg3 may be either linear or branched and is preferably a linear or branched alkyl
group having a carbon number of 1 to 20 (e.g., methyl, ethyl, propyl, butyl, pentyl), more preferably a linear or branched
2-oxoalkyl group or an alkoxycarbonylmethyl group.

[0055] The cycloalkyl group as Ryg4 to Ryg3 is preferably a cycloalkyl group having a carbon number of 3 to 10 (e.g.,
cyclopentyl, cyclohexyl, norbornyl), more preferably a 2-oxocycloalkyl group.

[0056] The linear or branched 2-oxoalkyl group as R, to Ryg3 may have a double bond in the chain, and preferred
examples thereof include a group having >C=0 at the 2-position of the above-described alkyl group.

[0057] The 2-oxocycloalkyl group as Rygq, to Ryg3 may have a double bond in the chain, and preferred examples
thereof include a group having >C=0 at the 2-position of the above-described cycloalkyl group.

[0058] Preferred examples of the alkoxy group in the alkoxycarbonylmethyl group as Ryy1 to Ryq3 include an alkyl
group having a carbon number of 1 to 5 (e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy).

[0059] R,qto Ryg3 each may be further substituted by a halogen atom, an alkoxy group (for example, an alkoxy group
having a carbon number of 1 to 5), an alkoxycarbonyl group (for example, an alkoxycarbonyl group having a carbon
number of 1 to 5), a hydroxyl group, a cyano group or a nitro group.

[0060] The compound (Alc) is a compound represented by the following formula (Alc), and this is a compound having
an arylacylsulfonium salt structure.

0 Y501
T
~ Alc
Rz13 Y202 (A10)

R214 "Ryqe

[0061] Informula (Alc), Ry represents an aryl group which may be substituted, and is preferably a phenyl group or
a naphthyl group.

[0062] Preferred examples of the substituent on R, 45 include an alkyl group, an alkoxy group, an acyl group, a nitro
group, a hydroxyl group, an alkoxycarbonyl group and a carboxy group.

[0063] R,q4 and R,45 each independently represents a hydrogen atom, an alkyl group or a cycloalkyl group.
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[0064] Y, and Y,q, each independently represents an alkyl group, a cycloalkyl group, an aryl group or a vinyl group.
[0065] X-represents an anion of an organic acid having a bond which is cleaved by an acid.

[0066] R,45 and Ry, may combine with each other to form a ring structure, R,;4 and Ry;5 may combine with each
other to form a ring structure, and Y544 and Y,,, may combine with each other to form a ring structure. The ring structure
formed may contain an oxygen atom, a sulfur atom, an ester bond or an amide bond. Examples of the group formed by
combining each pair of Ry43 and Ry 14, Ro14 @and Ryy5, 0r Y4 @and Y, include a butylene group and a pentylene group.
[0067] The alkyl group as Rjq4, Roqs, Yogq @nd Yo, is preferably a linear or branched alkyl group having a carbon
number of 1 to 20. The alkyl group as Y4 and Y, is more preferably a 2-oxoalkyl group having >C=0 at the 2 position
of the alkyl group, an alkoxycarbonylalkyl group (preferably with the alkoxy group having a carbon number of 2 to 20),
or a carboxyalkyl group.

[0068] The cycloalkyl group as Ry4, Ry15, Yop1 @and Yy, is preferably a cycloalkyl group having a carbon number of
3 to 20.

[0069] Y44 and Yy, each is preferably an alkyl group having a carbon number of 4 or more, more preferably from 4
to 6, still more preferably from 4 to 12.

[0070] At least either one of R,44 and Ry45 is preferably an alkyl group, and more preferably, R,44 and R,45 both are
an alkyl group.

[0071] Informula(A2), Rygs @and Ryg5 €ach independently represents an aryl group, an alkyl group or a cycloalkyl group.
[0072] X represents an anion of an organic acid having a bond which is cleaved by an acid.

[0073] Thearyl group of Ryg4and R,q5 is preferably a phenyl group or a naphthyl group, more preferably a phenyl group.
[0074] The alkyl group as R,q4 and R,g5 may be either linear or branched and is preferably a linear or branched alkyl
group having a carbon number of 1 to 10 (e.g., methyl, ethyl, propyl, butyl, pentyl).

[0075] The cycloalkyl group as R,o4 and Rygs is preferably a cycloalkyl group having a carbon number of 3to 10 (e.g.,
cyclopentyl, cyclohexyl, norbornyl).

[0076] R,p4 and Rygs may have a substituent, and examples of the substituent which Ryy4 and R,o5 may have include
an alkyl group (for example, an alkyl group having a carbon number of 1 to 15), a cycloalkyl group (for example, a
cycloalkyl group having a carbon number of 3 to 15), an aryl group (for example, an aryl group having a carbon number
of 6 to 15), an alkoxy group (for example, an alkoxy group having a carbon number of 1 to 15), a halogen atom, a hydroxyl
group and a phenylthio group.

[0077] The compound (A) is preferably a compound represented by formula (A1), more preferably a compound rep-
resented by any one of formulae (A1a) to (A1c).

[0078] Specific examples of the compound (A) are set forth below, but the present invention is not limited thereto.
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[0079] The sulfonic salt compound and iodonium salt compound of the organic acid represented by formula (l) or (Il)
are novel compounds.

[0080] The compound (A) can be easily synthesized from the organic acid of the present invention or a lithium, sodium
or potassium salt thereof and a hydroxide, bromide, chloride or the like of iodonium or sulfonium, by utilizing the salt-
exchange method described in JP-T-11-501909 or JP-A-2003-246786.

[0081] The content of the compound (A) in the photosensitive composition of the present invention is preferably from
0.1 to 20 mass%, more preferably from 0.5 to 10 mass%, still more preferably from 1 to 7 mass%, based on the solid
content of the composition.

(Acid Generator Used in Combination)

[0082] Inthe presentinvention, a compound (acid generator) capable of generating an acid upon irradiation with actinic
rays or radiation may also be used in addition to the compound (A).

[0083] The amount added of the acid generator which can be used in combination is, in terms of the molar ratio
(compound (A)/another acid generator), usually from 90/10 to 5/95, preferably from 60/40 to 5/95, more preferably from
50/50 to 5/95.

[0084] This photo-acid generator which can be used in combination may be appropriately selected from a photoinitiator
for photocationic polymerization, a photoinitiator for photoradical polymerization, a photo-decoloring agent for dyes, a
photo-discoloring agent, a known compound capable of generating an acid upon irradiation with actinic rays or radiation,
which is used for microresist and the like, and a mixture thereof.

[0085] Examples thereof include diazonium salt; phosphonium salt, sulfonium salt, iodonium salt, imidosulfonate,
oxime sulfonate, diazodisulfone, disulfone and o-nitrobenzyl sulfonate.

[0086] Also,acompoundwhere the above-described group or compound capable of generating an acid upon irradiation
with actinic rays or radiation is introduced into the polymer main or side chain, such as compounds described in U.S.
Patent 3,849,137, German Patent 3,914,407, JP-A-63-26653, JP-A-55-164824, JP-A-62-69263, JP-A-63-146038, JP-
A-63-163452, JP-A-62-153853 and JP-A-63-146029, may be used.

[0087] Furthermore, a compound capable of generating an acid by the effect of light described, for example, in U.S.
Patent 3,779,778 and European Patent 126,712 may also be used.

[0088] Among the compounds capable of decomposing upon irradiation with actinic rays or radiation to generate an
acid, which can be used in combination, preferred are the compounds represented by the following formulae (ZI), (ZI1)
and (ZIID):
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[0089] Informula (ZI), Ryg¢, Rogo @and Ryp3 each independently represents an organic group.

[0090] The number of carbons in the organic group as Rygq, Rogo and Ryg3 is generally from 1 to 30, preferably from
1 to 20.

[0091] Two members out of Ry to Ryp3 may combine to form a ring structure, and the ring may contain an oxygen
atom, a sulfur atom, an ester bond, an amide bond or a carbonyl group. Examples of the group formed by combining
two. members out of Ryp4 to Ryq3 include an alkylene group (e.g., butylene, pentylene).

[0092] Z represents a non-nucleophilic anion.

[0093] Examples of the non-nucleophilic anion represented by Z- include sulfonate anion, carboxylate anion, sulfo-
nylimide anion, bis(alkylsulfonyl)imide anion and tris(alkylsulfonyl)methyl anion.

[0094] The non-nucleophilic anion is an anion having an extremely low ability of causing a nucleophilic reaction and
this anion can prevent the decomposition in aging due to intramolecular nucleophilic reaction. By this anion, the aging
stability of resist is enhanced.

[0095] Examples of the sulfonate anion include aliphatic sulfonate anion, aromatic sulfonate anion and camphorsul-
fonate anion.

[0096] Examples of the carboxylate anion include aliphatic carboxylate anion, aromatic carboxylate anion and aralkyl-
carboxylate anion.

[0097] The aliphatic moiety in the aliphatic sulfonate anion may be an alkyl group or a cycloalkyl group but is preferably
an alkyl group having from 1 to 30 carbon atoms or a cycloalkyl group having from 3 to 30 carbon atoms, such as methyl
group, ethyl group, propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, pentyl group, neopentyl
group, hexyl group, heptyl group, octyl group, nonyl group, decyl group, undecyl group, dodecyl group, tridecyl group,
tetradecyl group, pentadecyl group, hexadecyl group, heptadecyl group, octadecyl group, nonadecyl group, eicosyl
group, cyclopropyl group, cyclopentyl group, cyclohexyl group, adamantyl group, norbornyl group and boronyl group.
[0098] The aromatic group in the aromatic sulfonate anion is preferably an aryl group having a carbon number of 6 to
14, such as phenyl group, tolyl group and naphthyl group.

[0099] The alkyl group, cycloalkyl group and aryl group in the aliphatic sulfonate anion and aromatic sulfonate anion
each may have a substituent. Examples of the substituent for the alkyl group, cycloalkyl group and aryl group in the
aliphatic sulfonate anion and aromatic sulfonate anion include a nitro group, a halogen atom (e.g., fluorine, chlorine,
bromine, iodine), a carboxyl group, a hydroxyl group, an amino group, a cyano group, an alkoxy group (preferably having
a carbon number of 1 to 5), a cycloalkyl group (preferably having a carbon number of 3 to 15), an aryl group (preferably
having a carbon number of 6 to 14), an alkoxycarbonyl group (preferably having a carbon number of 2 to 7), an acyl
group (preferably having a carbon number of 2 to 12) and an alkoxycarbonyloxy group (preferably having a carbon
number of 2 to 7). As for the aryl group and ring structure in each group, examples of the substituent further include an
alkyl group (preferably having a carbon number of 1 to 15).

[0100] Examples of the aliphatic moiety in the aliphatic carboxylate anion include the same alkyl group and cycloalkyl
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group as in the aliphatic sulfonate anion.

[0101] Examples of the aromatic group in the aromatic carboxylate anion include the same aryl group as in the aromatic
sulfonate anion.

[0102] The aralkyl group in the aralkylcarboxylate anion is preferably an aralkyl group having a carbon number of 6
to 12, such as benzyl group, phenethyl group, naphthylmethyl group, naphthylethyl group and naphthylmethyl group.
[0103] The alkyl group, cycloalkyl group, aryl group and aralkyl group in the aliphatic carboxylate anion, aromatic
carboxylate anion and aralkylcarboxylate anion each may have a substituent. Examples of the substituent for the alkyl
group, cycloalkyl group, aryl group and aralkyl group in the aliphatic carboxylate anion, aromatic carboxylate anion and
aralkylcarboxylate anion include the same halogen atom, alkyl group, cycloalkyl group, alkoxy group and alkylthio group
as in the aromatic sulfonate anion.

[0104] Examples of the sulfonylimide anion include saccharin anion.

[0105] The alkyl group in the bis(alkylsulfonyl)imide anion and tris(alkylsulfonyl)methyl anion is preferably an alkyl
group having a carbon number of 1 to 5, such as methyl group, ethyl group, propyl group, isopropyl group, n-butyl group,
isobutyl group, sec-butyl group, pentyl group and neopentyl group. Examples of the substituent for such an alkyl group
include a halogen atom, a halogen atom-substituted alkyl group, an alkoxy group and an alkylthio group. Among these,
an alkyl group substituted by a fluorine atom is preferred.

[0106] Other examples of the non-nucleophilic anion include fluorinated phosphorus, fluorinated boron and fluorinated
antimony.

[0107] The non-nucleophilic anion of Z- is preferably an aliphatic sulfonate anion with the o-position of sulfonic acid
being substituted by a fluorine atom, an aromatic sulfonate anion substituted by a fluorine atom or a group having a
fluorine atom, a bis(alkylsulfonyl)imide anion with the alkyl group being substituted by a fluorine atom, or a tris(alkylsul-
fonyl)methide anion with the alkyl group being substituted by a fluorine atom, more preferably a perfluoroaliphatic sulfonate
anion having a carbon number of 4 to 8 or a benzenesulfonate anion having a fluorine atom, still more preferably
nonafluorobutanesulfonate anion, perfluorooctanesulfonate anion, pentafluorobenzenesulfonate anion or 3,5-bis(trif-
luoromethyl)benzenesulfonate anion.

[0108] Examples of the organic group as Ryg1, Rypo @and Ry include corresponding groups in the compounds (ZI-
1), (ZI-2) and (ZI-3) which are described later.

[0109] The compound may be a compound having a plurality of structures represented by formula (Z1), for example,
a compound having a structure that at least one of R, to R,(3 in the compound represented by formula (Z1) is bonded
to at least one of Ryy4 to Ryq3 in another compound represented by formula (Z1)..

[0110] The component (Z1) is more preferably a compound (ZI-1), (ZI-2) or (ZI-3) described below.

[0111] The compound (ZI-1) is an arylsulfonium compound where at least one of Ryp4 to Ry in formula (Z1) is an
aryl group, that is, a compound having an arylsulfonium as the cation.

[0112] In the arylsulfonium compound, Ryy1 to Ryg3 all may be an aryl group or a part of Ry4 to Ryg3 may be an aryl
group with the remaining being an alkyl group or a cycloalkyl group.

[0113] Examples of the arylsulfonium compound include a triarylsulfonium compound, a diarylalkylsulfonium com-
pound, an aryldialkylsulfonium compound, a diarylcycloalkylsulfonium compound and an aryldicycloalkylsulfonium com-
pound.

[0114] The aryl group in the arylsulfonium compound is preferably a phenyl group or a naphthyl group, more preferably
a phenyl group. In the case where the arylsulfonium compound has two or more aryl groups, these two or more aryl
groups may be the same of different.

[0115] The alkyl group or cycloalkyl group which is present, if desired, in the arylsulfonium compound is preferably a
linear or branched alkyl group having a carbon number of 1 to 15 or a cycloalkyl group having a carbon number of 3 to
15, such as methyl group, ethyl group, propyl group, n-butyl group, sec-butyl group, tert-butyl group, cyclopropyl group,
cyclobutyl group and cyclohexyl group.

[0116] The aryl group, alkyl group and cycloalkyl group of Ryy¢ to Ryg3 each may have, as the substituent, an alkyl
group (for example, an alkyl group having a carbon number of 1 to 15), a cycloalkyl group (for example, a cycloalkyl
group having a carbon number of 3 to 15), an aryl group (for example, an aryl group having a carbon number of 6 to
14), an alkoxy group (for example, an alkoxy group having a carbon number of 1 to 15), a halogen atom, a hydroxyl
group or a phenylthio group. The substituent is preferably a linear or branched alkyl group having a carbon number of
1 to 12, a cycloalkyl group having a carbon number of 3 to 12, or a linear, branched or cyclic alkoxy group having a
carbon number of 1 to 12, more preferably an alkyl group having a carbon number of 1 to 4, or an alkoxy group having
a carbon number of 1 to 4. The substituent may be substituted to any one of three members R, to Ryg3 or may be
substituted to all of these three members. In the case where R,p4 to Ry €ach is an aryl group, the substituent is
preferably substituted at the p-position of the aryl group.

[0117] The compound (ZI-2) is described below.

[0118] The compound (ZI-2) is a compound where R,4 to Ryg3 in formula (ZI) each independently represents an
aromatic ring-free organic group. The aromatic ring as used herein includes an aromatic ring containing a heteroatom.
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[0119] The aromatic ring-free organic group as Ryy¢ to Ryo3 generally has a carbon number of 1 to 30, preferably from
1 to 20.

[0120] R,yq to Ryp3 each independently represents preferably an alkyl group, a cycloalkyl group, an allyl group or a
vinyl group, more preferably a linear or branched 2-oxoalkyl group, a 2-oxocycloalkyl group or an alkoxycarbonylmethyl
group, and most preferably a linear or branched 2-oxoalkyl group.

[0121] The alkyl group and cycloalkyl group of R,q4 to Ryg5 are preferably a linear or branched alkyl group having a
carbon number of 1 to 10 (e.g., methyl, ethyl, propyl, butyl, pentyl) and a cycloalkyl group having a carbon number of 3
to 10 (e.g., cyclopentyl, cyclohexyl, norbornyl). The alkyl group is more preferably a 2-oxoalkyl group or an alkoxycarb-
onylmethyl group. The cycloalkyl group is more preferably a 2-oxocycloalkyl group.

[0122] The 2-oxoalkyl group may be either linear or branched and is preferably a group having >C=0 at the 2-position
of the above-described alkyl group.

[0123] The 2-oxocycloalkyl group is preferably a group having >C=0 at the 2-position of the above-described cycloalkyl
group.

[0124] The alkoxy group in the alkoxycarbonylmethyl group is preferably an alkyl group having a carbon number of 1
to 5 (e.g., methoxy, ethoxy, propoxy, butoxy, pentyloxy).

[0125] R,yqto Ryg3 each may be further substituted by a halogen atom, an alkoxy group (for example, an alkoxy group
having a carbon number of 1 to 5), a hydroxyl group, a cyano group or a nitro group.

[0126] The compound (ZI-3) is a compound represented by the following formula (ZI-3), and this is a compound having
a phenacylsulfonium salt structure.

R O
lc S+/RX
R2C \R _
14 zc
R6c R7c (ZI-3)
R3c RSc
R4c

[0127] Informula (ZI-3), R4, to Rs; each independently represents a hydrogen atom, an alkyl group, a cycloalkyl group,
an alkoxy group or a halogen atom.

[0128] Rg. and R, each independently represents a hydrogen atom, an alkyl group or a cycloalkyl group.

[0129] R, and R, each independently represents an alkyl group, a cycloalkyl group, an allyl group or a vinyl group.
[0130] Any two or more members out of Ry to R or each pair of Rg; and Ry, and R, and Ry, may combine with
each other to form a ring structure, and the ring structure may contain an oxygen atom, a sulfur atom, an ester bond or
an amide bond. Examples of the group formed by combining any two or more members out of Ry, to R, or combining
each pair of Rg; and Rz and R, and R include a butylene group and a pentylene group.

[0131] Zc’ represents a non-nucleophilic anion, and examples thereof are the same as those of the non-nucleophilic
anion of Z- in formula (ZI).

[0132] The alkyl group as R4 to R;, may be either linear or branched and this is, for example, an alkyl group having
a carbon number of 1 to 20, preferably a linear or branched alkyl group having a carbon number of 1 to 12 (e.g,, methyl,
ethyl, linear or branched propyl, linear or branched butyl, linear or branched pentyl), and the cycloalkyl group is, for
example, a cycloalkyl group having a carbon number of 3 to 8 (e.g., cyclopentyl, cyclohexyl).

[0133] The alkoxy group as Ry to Rg, may be linear, branched or cyclic and this is, for example, an alkoxy group
having a carbon number of 1 to 10, preferably a linear or branched alkoxy group having a carbon-number of 1 to 5 (e.g.,
methoxy, ethoxy, linear or branched propoxy, linear or branched butoxy, linear or branched pentoxy) or a cyclic alkoxy
group having a carbon number of 3 to 8 (e.g., cyclopentyloxy, cyclohexyloxy).

[0134] A compound where any one of Ry, to Ry, is a linear or branched alkyl group, a cycloalkyl group or a linear,
branched or cyclic alkoxy group is preferred, and a compound where the sum of carbon atoms of Ry to R, is from 2
to 15 is more preferred. In this case, the solubility in solvent is more enhanced and the generation of particles during
storage is suppressed.

[0135] Examples of the alkyl group and cycloalkyl group as R, and R, include the same alkyl group and cycloalkyl
group as in Ry to R;.. Among these, a 2-oxoalkyl group, a 2-oxocycloalkyl group and an alkoxycarbonylmethyl group
are preferred.

[0136] Examples of the 2-oxoalkyl group and 2-oxocycloalkyl group include a group having >C=0 at the 2-position of
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the alkyl group or cycloalkyl group as R4 to Ry.

[0137] Examples of the alkoxy group in the alkoxycarbonylmethyl group include the same alkoxy group as in R to Rg...
[0138] R,and Ry each is preferably an alkyl or cycloalkyl group having a carbon number of 4 or more, more preferably
6 or more, still more preferably 8 or more.

[0139] In formulae (ZII) and (ZIll), Ryg4 to Ryy; each independently represents an aryl group, an alkyl group or a
cycloalkyl group.

[0140] Thearylgroup as Ry, to Ryg; is preferably a phenyl group or a naphthyl group, more preferably a phenyl group.
[0141] The alkyl group and cycloalkyl group in Ryo4 to R, are preferably a linear or branched alkyl group having a
carbon number of 1 to 10 (e.g., methyl, ethyl, propyl, butyl, pentyl) and a cycloalkyl group having a carbon number of 3
to 10 (e.g., cyclopentyl, cyclohexyl, norbornyl).

[0142] The aryl group, alkyl group and cycloalkyl group of Ry, to Ryg7 may have a substituent. Examples of the
substituent which the aryl group, alkyl group and cycloalkyl group of Ry, to Ryg7 may have include an alkyl group (for
example, an alkyl group having a carbon number of 1 to 15), a cycloalkyl group (for example, a cycloalkyl group having
a carbon number of 3 to 15), an aryl group (for example, an aryl group having a carbon number of 6 to 15), an alkoxy
group (for example, an alkoxy group having a carbon number of 1 to 15), a halogen atom, a hydroxyl group and a
phenylthio group.

[0143] Z represents a non-nucleophilic anion and examples thereof include the same as those of the non-nucleophilic
anion of Z- in formula (ZI).

[0144] Other examples of the compound capable of decomposing upon irradiation with actinic rays or radiation to
generate an acid, which can be used in combination, include the compounds represented by the following formulae
(ZIV), (ZV) and (ZVI):

Ars-S0,-SO,-Ar, @2Iv)

Ry06—S0,~0~N A ZV)

| @v1)
o

8 Ry09

[0145] In formulae (ZIV) to (ZVI),

Ars and Ar, each independently represents an aryl group,

Roos: Rog7 @and Rygg €ach independently represents an alkyl group, a cycloalkyl group or an aryl group, and

[0146] A represents an alkylene group, an alkenylene group or an arylene group.

[0147] Among the compounds capable of decomposing upon irradiation with actinic rays or radiation to generate an.
acid, which can be used in combination, more preferred are the compounds represented by formulae (ZI) to (ZIl1).
[0148] The compound of decomposing upon irradiation with actinic rays or radiation to generate an acid, which can
be used in combination, is preferably a compound capable of generating an acid having one sulfonic acid group or imide
group, more preferably a compound capable of generating a monovalent perfluoroalkanesulfonic acid, a compound
capable of generating an aromatic sulfonic acid substituted by a fluorine atom or fluorine atom-containing group, or a
compound capable of generating an imide acid substituted by a monovalent fluorine atom or fluorine atom-containing
group. The acid generated by the acid generator usable in combination is most preferably a fluorinated substituted
alkanesulfonic acid, fluorinated substituted benzenesulfonic acid or fluorinated substituted imide acid having a pKa of
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-1 or less, and in this case, the sensitivity is enhanced.

[0149] Particularly preferred examples of the compound capable of decomposing upon irradiation with actinic rays or

radiation to generate an acid, which can be used in combination, are set forth below.
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[2] (B) Resin capable of decomposing under the action of an acid to increase the solubility in an alkali developer (hereinafter
sometimes referred to as a "component (B)")

[0150] The resin capable of decomposing under the action of an acid to increase the solubility in an alkali developer,
which is used in the positive photosensitive composition of the present invention, is a resin having, in ether one or both
of the main chain and the side chain thereof, a group capable of decomposing under the action of an acid (hereinafter
sometimes referred to as an "acid-decomposable group"). Of these, a resin having an acid-decomposable group in the
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side chain is preferred.

[0151] The group capable of decomposing under the action of an acid is preferably a group resulting from replacement
of the hydrogen atom of a -COOH or -OH group with a group which splits off by the effect of an acid.

[0152] In the present invention, the acid-decomposable group is preferably an acetal group or a tertiary ester group.
[0153] In the case where the group capable of decomposing under the action of an acid is bonded as a side chain,
the mother resin is an alkali-soluble resin having an -OH or -COOH group in the side chain. Examples thereof include
an alkali-soluble resin described later.

[0154] The alkali dissolution rate of the alkali-soluble resin is preferably 170 A/sec or more, more preferably 330 A/sec
or more (A is angstrom), as measured (at 23°C) in 0.261N tetramethylammonium hydroxide (TMAH).

[0155] From this standpoint, the alkali-soluble resin is preferably an alkali-soluble resin having a hydroxystyrene
structure unit, such as o-, m- or p-poly(hydroxystyrene) or copolymer thereof, hydrogenated poly(hydroxystyrene), hal-
ogen- or alkyl-substituted poly(hydroxystyrene), partially O-alkylated or O-acylated poly(hydroxystyrene), styrene-hy-
droxystyrene copolymer, a-methylstyrene-hydroxystyrene copolymer and hydrogenated novolak resin; or an alkali-sol-
uble resin containing a repeating unit having a carboxyl group, such as (meth)acrylic acid and norbornene carboxylic acid.
[0156] Preferred examples of the repeating unit having an acid-decomposable group for use in the present invention
include tert-butoxycarbonyloxystyrene, 1-alkoxyethoxystyrene and tertiary alkyl (meth)acrylate. Among these, 2-alkyl-
2-adamantyl (meth)acrylate and dialkyl(1-adamantyl)methyl (meth)acrylate are preferred.

[0157] The component (B) for use in the present invention can be obtained by reacting an acid-decomposable group
precursor with an alkali-soluble resin or copolymerizing an acid-decomposable group-bonded alkali-soluble resin mon-
omer with various monomers, and this is disclosed in European Patent 254853, JP-A-2-25850, JP-A-3-223860 and JP-
A-4-251259.

[0158] Inthe case of irradiation the positive photosensitive composition of the present invention with KrF excimer laser
light, electron beam, X-ray or high-energy light at a wavelength of 50 nm or less (e.g., EUV), the resin as the component
(B) preferably has a hydroxystyrene repeating unit, and the resin is more preferably a copolymer of hydroxystyrene/
hydroxystyrene protected by an acid-decomposable group, or a tertiary alkyl ester of hydroxystyrene/methacrylic acid.
[0159] Specific examples of the component (B) for use in the present invention are set forth below, but the present
invention is not limited thereto.

25



10

15

20

25

30

35

40

45

50

55

EP 1 684 116 A2

®-17)

[0160] In these specific examples, "tBu" indicates a tert-butyl group.

[0161] The content of the group capable of decomposing under the action of an acid is expressed by B/(B+S) using
the number (B) of acid-decomposable groups in the resin and the number (S) of alkali-soluble groups not protected by
a group which splits off by the effect of an acid. The content is preferably from 0.01 to 0.7, more preferably from 0.05 to
0.50, still more preferably from 0.05 to 0.40.

[0162] Inthe case of irradiating the positive photosensitive composition of the present invention with ArF excimer laser
light, the resin as the component (B) is preferably a resin having a monocyclic or polycyclic alicyclic hydrocarbon structure
and undergoing decomposition under the action of an acid to increase the solubility in an alkali developer.

[0163] The resin having a monocyclic or polycyclic alicyclic hydrocarbon structure and undergoing decomposition
under the action of an acid to increase the solubility in an alkali developer (hereinafter sometimes referred to as an
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"alicyclic hydrocarbon-based acid-decomposable resin") is preferably a resin containing at least one repeating unit
selected from the group consisting of a repeating unit having a partial structure containing an alicyclic hydrocarbon
represented by any one of the following formulae (pl) to (pV), and a repeating unit represented by the following formula
(lI-AB):

"Ryy
¢ (D)
A
\\--—’Z
le
—cl:—R13 B (1))
Ryg
Ry
| (I
——C—0—Ry;
Rls
- Ryg R
V2 (pIV)
1L\zl f17
Tzz Tza ﬁ
| Raq . , (V)
Rys

wherein

R14 represents a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl
group or a sec-butyl group,

Z represents an atomic group necessary for forming a cycloalkyl group together with the carbon atom,

R, to Ry each independently represents a linear or branched alkyl group having a carbon number of 1 to 4 or a
cycloalkyl group, provided that at least one of Ry, to Ry, or either one of Ry5 and R, represents a cycloalkyl group,
R47 to Ry4 each independently represents a hydrogen atom, a linear or branched alkyl group having a carbon number
of 1 to 4 or a cycloalkyl group, provided that at least one of Ry7 to R,4 represents a cycloalkyl group and that either one
of Ryg and Ry, represents a linear or branched alkyl group having a carbon number of 1 to 4 or a cycloalkyl group,
R,, to R,5 each independently represents a hydrogen atom, a linear or branched alkyl group having a carbon number
of 1 to 4, or a cycloalkyl group, provided that at least one of R,, to Ry5 represents a cycloalkyl group, and
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Ro3 and Ry, may combine with each other to form a ring.

(II-AB)

wherein

R41 and Ry,’ each independently represents a hydrogen atom, a cyano group, a halogen atom or an alky!l group, and
Z’ represents an atomic group for forming an alicyclic structure, containing two bonded carbon atoms (C-C).

[0164] Formula (lI-AB) is preferably the following formula (l1I-AB1) or (II-AB2).

(I-AB1)
n
R13 %16‘
14 ' R15 ' )

R

Ry (II-AB2)
' Rig'
Ry3 15 _
Ryg' .

[0165] In formulae (II-AB1) and (II-AB2),

R43’to Ryg’ each independently represents a hydrogen atom, a halogen atom, a cyano group, a hydroxyl group, -COOH,
-COORg, a group capable of decomposing under the action of an acid, -C(=0)-X-A’-R,7’, an alkyl group or a cycloalkyl
group, and at least two members out of Ry3'to R4’ may combine to form a ring,

Rg represents an alkyl group, a cycloalkyl group or a group having a lactone structure,

X represents an oxygen atom, a sulfur atom, -NH-, -NHSO,- or -NHSO,NH-,
A’ represents a sing bond or a divalent linking group,

R47 represents -COOH, -COORg, -CN, a hydroxyl group, an alkoxy group, -CO-NH-Rg, -CO-NH-SO,-R¢ or a group
having a lactone structure,

Rg represents an alkyl group or a cycloalkyl group, and

n represents 0 or 1.

[0166] In formulae (pl) to (pV), the alkyl group of R4, to Rog is a linear or branched alkyl group having from 1 to 4
carbon atoms, and examples thereof include a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-
butyl group and a tert-butyl group.

[0167] The cycloalkyl group of R4, to R,5 and the cycloalkyl group formed by Z together with the carbon atom may
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be monocyclic or polycyclic. Specific examples thereof include a group having a monocyclic, bicyclic, tricyclic or tetracyclic
structure with a carbon number of 5 or more. The carbon number thereof is preferably from 6 to 30, more preferably
from 7 to 25. These cycloalkyl groups each may have a substituent.

[0168] Preferred examples of the cycloalkyl group include an adamantyl group, a noradamantyl group, a decalin
residue, a tricyclodecanyl group, a tetracyclododecanyl group, a norbornyl group, a cedrol group, a cyclopentyl group,
a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a cyclodecanyl group and a cyclododecanyl group. Among
these, more preferred are an adamantyl group, a norbornyl group, a cyclohexyl group, a cyclopentyl group, a tetracy-
clododecanyl group and a tricyclodecanyl group.

[0169] These alkyl -group and cycloalkyl group each may further have a substituent. Examples of the substituent
which the alkyl group and cycloalkyl group may further have include an alkyl group (having a carbon number of 1 to 4),
a halogen atom, a hydroxyl group, an alkoxy group (having a carbon number of 1 to 4), a carboxyl group and an
alkoxycarbonyl group (having a carbon number of 2 to 6). These alkyl group, alkoxy group, alkoxycarbonyl group and
the like each may further have a substituent. Examples of the substituent which the alkyl group, alkoxy group, alkoxy-
carbonyl group and the like may further have include a hydroxyl group, a halogen atom and an alkoxy group.

[0170] The structures represented by formulae (pl) to (pV) each can be used for the protection of an alkali-soluble
group in the resin. Examples of the alkali-soluble group include various groups known in this technical field.

[0171] Specific examples thereof include a structure where the hydrogen atom of a carboxylic acid group, a sulfonic
acid group, a phenol group or a thiol group is replaced by the structure represented by any one of formulae (pl) to (pV).
A structure where the hydrogen atom of a carboxylic acid group or a sulfonic acid group is replaced by the structure
represented by any one of formulae (pl) to (pV) is preferred.

[0172] The repeating unit having an alkali-soluble group protected by the structure represented by any one of formulae
(pl) to (pV) is preferably a repeating unit represented by the following formula (pA):

R (pA)

A—"—'o—Rp1

0

[0173] In formula (pA), R represents a hydrogen atom, a halogen atom or a linear or branched alkyl group having a
carbon number of 1 to 4, and a plurality of R’'s may be the same or different.

[0174] A represents a single bond, or one group or a combination of two or more groups, selected from the group
consisting of an alkylene group, an ether group, a thioether group, a carbonyl group, an ester group, an amido group,
a sulfonamido group, a urethane group and a urea group. A is preferably a single bond.

[0175] Rp, represents any one group of formulae (pl) to (pV).

[0176] The repeating unit represented by formula (pA) is most preferably a repeating unit comprising a 2-alkyl-2-
adamantyl (meth)acrylate or a dialkyl(1-adamantyl)methyl (meth)acrylate.

[0177] Specific examples of the repeating unit represented by formula (pA) are set forth below.

Rx el —fCHz—gx‘}— —llb(
_<_CH2—ﬁ|:_)— Bk T:; (|)=o +CH;=??Z

—o ? 1
. : o
, & Rxa Ria——Rxb Rxa——Rxb

1 2 3 4
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[0178] Inthe formulae above, Rx represents H, CH5, CF4 or CH,OH, and Rxa and Rxb each independently represents
an alkyl group having a carbon number of 1 to 4.

[0179] Examples of the halogen atom of Ry’ and R4,’ in formula (lI-AB) include a chlorine atom, a bromine atom, a
fluorine atom and an iodine atom.

[0180] The alkyl group of R4 and Ry, is preferably a linear or branched alkyl group having a carbon number of 1 to
10, and examples thereof include a methyl group, an ethyl group, an n-propyl group, an isopropyl group and a linear or
branched butyl, pentyl, hexyl or heptyl group.

[0181] The atomic group of Z’ for forming an alicyclic structure is an atomic group for forming, in the resin, an alicyclic
hydrocarbon repeating unit which may have a substituent, and among these atomic groups, an atomic group for forming
a crosslinked alicyclic structure to form a crosslinked alicyclic hydrocarbon repeating unit is preferred.

[0182] Examples of the skeleton of the alicyclic hydrocarbon formed include the same as those of the cycloalkyl group
of Ry, to Ryg in formulae (pl) to (pVI).

[0183] The alicyclic hydrocarbon skeleton may have a substituent, and examples of the substituent include Ry3'to Ry¢’
in formulae (1I-AB1) and (1I-AB2).

[0184] In the alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention, the group capable
of decomposing under the action of an acid may be contained in at least one repeating unit out of the repeating unit
having a partial structure containing an alicyclic hydrocarbon represented by any one of formulae (pl) to (pV), the repeating
unit represented by formula (11-AB), and the repeating unit comprising a copolymerization component which is described
later.

[0185] Various substituents Ry3" to Ry¢’ in formulae (11-AB1) and (1I-AB2) may work out to the substituents of an atomic
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group for forming an alicyclic structure in formula (1I-AB) or an atomic group Z for forming a crosslinked alicyclic structure.
[0186] Specific examples of the repeating units represented by formulae (1I-AB1) and (lI-AB2) are set forth below, but
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[0187] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention preferably has a
repeating unit having a lactone group. As for the lactone group, any group may be used as long as it has a lactone
structure, but a group having a 5-, 6- or 7-membered ring lactone structure is preferred. The 5-, 6- or 7-membered ring
structure is preferably condensed with another ring structure in the form of forming a bicyclo structure or a spiro structure.
The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention more preferably has a re-
peating unit containing a group having a lactone structure represented by any one of the following formulae (LC1-1) to
(LC1-16). The group having a lactone structure may be bonded directly to the main chain. Among these lactone structures,
(LC1-1), (LC1-4), (LC1-5), (LC1-6), (LC1-13) and (LC1-14) are preferred. By using a specific lactone structure, the line
edge roughness and the development defect are improved.
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——(Rby)n;
O (o]
1LC1-16

[0188] The lactone structure moiety may or may not have a substituent (Rb,). Preferred examples of the substituent
(Rby) include an alkyl group having a carbon number of 1 to 8, a cycloalkyl group having a carbon number of 4 to 7, an
alkoxy group having a carbon number of 1 to 8, an alkoxycarbonyl group having a carbon number of 1 to 8, a carboxyl
group, a halogen atom, a hydroxyl group, a cyano group and an acid-decomposable group. n, represents an integer of
0 to 4. When n, is an integer of 2 or more, the plurality of Rb,’s may be the same or different, and Rb,’s may combine
with each other to form a ring.

[0189] Examples of the repeating unit having a lactone structure represented by any one of formulae (LC1-1) to
(LC1-16) include arepeating unit where at least one of R43"to R44’ in formula (1I-AB1) or (1I-A.B2) has a group represented
by any one of formulae (LCI-1) to (LC1-16) (for example, Rs of -COORg is a group represented by any one of formulae
(LCI-1) to (LC1-16)), and a repeating unit represented by the following formula (Al):

Rb,
(AD)
COO—Ab—V

[0190] In formula (Al), Rby represents a hydrogen atom, a halogen atom or an alkyl group having a carbon number
of 1to 4.

[0191] Examples of the alkyl group of Rb include a methyl group, an ethyl group, a propyl group, an n-butyl group,
a sec-butyl group and a tert-butyl group. The alkyl group of Rby may have a substituent. Preferred examples of the
substituent which the alkyl group of Rby may have include a hydroxyl group and a halogen atom.

[0192] Examples of the halogen atom of Rb, include a fluorine atom, a chlorine atom, a bromine atom and an iodine
atom. Rb, is preferably a hydrogen atom or a methyl group.

[0193] Abrepresents an alkylene group, adivalentlinking group having a monocyclic or polycyclic alicyclic hydrocarbon
structure, asingle bond, an ether group, an ester group, a carbonyl group, a carboxyl group, or a divalent group comprising
a combination thereof, preferably a single bond or a linking group represented by -Ab;-CO,-.

[0194] Ab, is a linear or branched alkylene group or a monocyclic or polycyclic cycloalkylene group, preferably a
methylene group, an ethylene group, a cyclohexyl residue, an adamantyl residue or a norbornyl residue.

[0195] V represents a group represented by any one of formulae (LC1-1) to (LC1-16).

[0196] The repeating unit having a lactone structure usually has an optical isomer, but any optical isomer may be
used. One optical isomer may be used alone or a mixture of a plurality of isomers may be used. In the case of mainly
using one optical isomer, the optical purity (ee) thereof is preferably 90 or more, more preferably 95 or more.

[0197] Specific examples of the repeating unit containing a group having a lactone structure are set forth below, but
the present invention is not limited thereto.

(In formulae, Rx is H, CH3, CH,OH or CF3)

[0198]
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(In formulae, Rx is H, CH3, CH,OH or CF3.)
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(In formulae, Rx is H, CH3, CH,OH or CF3.)
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[0201] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention preferably contains
a repeating unit having an alicyclic hydrocarbon structure substituted by a polar group. By having this repeating unit,
the adhesion to substrate and the affinity for developer are enhanced. The polar group is preferably a hydroxyl group
or a cyano group.

[0202] Examples of the alicyclic hydrocarbon structure represented by a polar group include a structure represented
by the following formula (Vlla) or (VlIb):

Rz€ (VIla)

— (VIIb)
CN
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[0203] In formula (Vlla), Ry to R, each independently represents a hydrogen atom, a hydroxyl group or a cyano
group, provided that at least one of R, to R4, represents a hydroxyl group or a cyano group. Preferably, one or two
members out of R, to Ry, is a hydroxyl group with the remaining being a hydrogen atom, and more preferably, two
members out of R, to R4 are a hydroxyl group with the remaining being a hydrogen atom.

[0204] The group represented by formula (Vlla) is preferably a dihydroxy form or a monohydroxy form, more preferably
a dihydroxy form.

[0205] Examples of the repeating unit having a group represented by formula (Vllia) or (VlIb) include a repeating unit
where at least one of Ry3’ to Ry¢’ in formula (1I-AB1) or (1I-AB2) has a group represented by formula (Vlla) or (VIIb) (for
example, where Ry in -COORj is a group represented by formula (VIl,) or (VlIb)), and a repeating unit represented by
the following formula (Alla) or (Allb):

R,c
1 R,C

Co0 (Alla)

R,C

w .
COO0—— )

[0206] In formulae (Alla) and (Allb), Ry, represents a hydrogen atom, a methyl group, a trifluoromethyl group or a
hydroxymethyl group.

[0207] R, to R4, have the same meanings as R, to R, in formula (Vlla).

[0208] Specific examples of the repeating unit having an alicyclic hydrocarbon structure substituted by a polar group,
represented by formula (Alla) or (Allb), are set forth below, but the present invention is not limited thereto.
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CN : CN
OH
- HO

[0209] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention may contain a

repeating unit represented by the following formula (VII1):

_-OR

%
HO
O{D\
CN

(VIII)

) . 0

[0210] In formula (VIII), Z, represents -O- or -N(R44)-. R4 represents a hydrogen atom, a hydroxyl group, an alkyl
group or -OS0O,-Ry,. Ry, represents an alkyl group, a cycloalkyl group or a camphor residue. The alkyl group of Ry4

and R4, may be substituted by a halogen atom (preferably a fluorine atom) or the like.

[0211] Specific examples of the repeating unit represented by formula (VIIl) are set forth below, but the present

invention is not limited thereto.

OMO OMO oi—llqi o
: H
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O

oo N 70 0" N 0

0S0,CF, 0

Oo—wn

[0212] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention preferably contains
a repeating unit having an alkali-soluble group, more preferably a repeating unit having a carboxyl group. By containing
such a repeating unit, the resolution increases in usage of forming contact holes. The repeating unit having a carboxyl
group is preferably a repeating unit where a carboxyl group is directly bonded to the resin main chain, such as repeating
unit by an acrylic acid or a methacrylic acid, or a repeating unit where a carboxyl group is bonded to the resin main chain
through a linking group. The linking group may have a monocyclic or polycyclic hydrocarbon structure. An acrylic acid
and a methacrylic acid are most preferred.

[0213] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention may contain a
repeating unit having from 1 to 3 groups represented by the following formula (F1). By containing this repeating unit, the
line edge roughness performance is enhanced.

R53

Rsg \ \ —Rsy4
\C/C/C\ (F1)
Re—
st |\

\ Rss
Rs;

ORXx

[0214] Informula (F1), Rs, to Rg5 each independently represents a hydrogen atom, a fluorine atom or an alkyl group,
provided that at least one of Rso to Rg5 is a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom.

[0215] Rx represents a hydrogen atom or an organic group (preferably an acid-decomposable protective group, an
alkyl group, a cycloalkyl group, an acyl group or an alkoxycarbonyl group).

[0216] The alkyl group of Rgj to Rg5 may be substituted by a halogen atom (e.g., fluorine), a cyano group or the like,
and is preferably an alkyl group having a carbon number of 1 to 3, such as methyl group and trifluoromethyl group.
[0217] Itis preferred that Rgq to Rs5 all are a fluorine atom.

[0218] The organic group represented by Rx is preferably an acid-decomposable group or an alkyl, cycloalkyl, acyl,
alkylcarbonyl, alkoxycarbonyl, alkoxycarbonylmethyl, alkoxymethyl or 1-alkoxyethyl group which may have a substituent.
[0219] The repeating unit having a group represented by formula (F1) is preferably a repeating unit represented by
the following formula (F2):

ITX
—cH,—CH—
o =

0-—Fa—Fb—{-Fc—F,) p,

[0220] Informula (F2), Rx represents a hydrogen atom, a halogen atom or an alkyl group having a carbon number of
1 to 4. Preferred examples of the substituent which the alkyl group ofRx may have include a hydroxyl group and a
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halogen atom.

[0221] Fa represents a single bond or a linear or branched alkylene group and is preferably a single bond.

[0222] Fb represents a monocyclic or polycyclic hydrocarbon group.

[0223] Fcrepresentsasingle bond or alinear or branched alkylene group and is preferably a single bond or a methylene
group.

[0224] F, represents a group represented by formula (F1).

[0225] p, represents a number of 1 to 3.

[0226] The cyclic hydrocarbon group in Fb is preferably a ,cyclopentyl group, a cyclohexyl group or a norbornyl group.
[0227] Specific examples of the repeating unit having a structure of formula (F1) are set forth below.

i ]
—'('_CHZ—T—)_ +CH2—?+
Tl T
CF3 o= O——
OH
CFy CF, CF,
OH OH
CF, CFy

[0228] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention may contain, in
addition to the above-described repeating units, various repeating structural units for the purpose of controlling the dry
etching resistance, suitability for standard developer, adhesion to substrate, resist profile and properties generally re-
quired of the resist, such as resolving power, heat resistance and sensitivity.

[0229] Examples of such a repeating structural unit include, but are not limited to, repeating structural units corre-
sponding to the monomers described below.

[0230] By containing such a repeating structural unit, the performance required of the alicyclic hydrocarbon-based
acid-decomposable resin, particularly,

(1) solubility in the coating solvent,

(2) film-forming property (glass transition point),

(3) alkali developability,

(4) film loss (selection of hydrophilic, hydrophobic or alkali-soluble group),
(5) adhesion of unexposed part to substrate,

(6) dry etching resistance

and the like, can be subtly controlled.

[0231] Examples of the monomer include a compound having one addition-polymerizable unsaturated bond, selected
from acrylic acid esters, methacrylic acid esters, acrylamides, methacrylamides, allyl compounds, vinyl ethers and vinyl
esters.

[0232] Other than these, an addition-polymerizable unsaturated compound copolymerizable with the monomer cor-
responding to the above-described various repeating structural units may be copolymerized.

[0233] In the alicyclic hydrocarbon-based acid-decomposable resin, the molar ratio of respective repeating structural
units contained is appropriately determined to control the dry etching resistance of resist, suitability for standard developer,
adhesion to substrate, resist profile and performances generally required of the resist, such as resolving power, heat
resistance and sensitivity.

[0234] The preferred embodiment of the alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention includes the followings:

(1) a resin containing a repeating unit having an alicyclic hydrocarbon-containing partial structure represented by
any one of formulae (pl) to (pV) (side chain type), preferably containing a repeating unit by a (meth)acrylate having
a structure represented by any one of formulae (pl) to (pV), and

(2) a resin containing a repeating unit represented by formula (lI-AB) (main chain type).

The resin of (2) further includes:
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(3) a resin having a repeating unit represented by formula (lI-AB), a maleic anhydride derivative structure and a
(meth)acrylate structure (hybrid type).

[0235] In the alicyclic hydrocarbon-based acid-decomposable resin, the content of the repeating unit having an acid-
decomposable group is preferably from 10 to 60 mol%, more preferably from 20 to 50 mol%, still more preferably from
25 to 40 mol%, based on all repeating structural units.

[0236] Inthe alicyclic hydrocarbon-based acid-decomposable resin, the content of the repeating unit having an alicyclic
hydrocarbon-containing partial structure represented by any one of formulae (pl) to (pV) is preferably from 25 to 70
mol%, more preferably from 35 to 65 mol%, still more preferably from 40 to 60 mol%, based on all repeating structural units.
[0237] In the alicyclic hydrocarbon-based acid-decomposable resin, the content of the repeating unit represented by
formula (11-AB) is preferably from 10 to 60 mol%, more preferably from 15 to 55 mol%, still more preferably from 20 to
50 mol%, based on all repeating structural units.

[0238] In the resin, the content of the repeating unit based on the monomer as the further copolymerization component
can also be appropriately selected according to the desired resist performance, but the content thereof is preferably 99
mol% or less, more preferably 90 mol% or less, still more preferably 80 mol% or less, based on the total molar number
of the repeating structural unit having an alicyclic hydrocarbon-containing partial structure represented by any one of
formulae (pl) to (pV) and the repeating unit represented by formula (11-AB).

[0239] When the composition of the present invention is used for exposure with ArF, the resin preferably has no
aromatic group in view of the transparency to ArF light.

[0240] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention is preferably a resin
where all repeating units comprise a (meth)acrylate repeating unit. In this case, the repeating units may be all a meth-
acrylate, all an acrylate, or a mixture of methacrylate/acrylate, but the content of the acrylate repeating unit is preferably
50 mol% or less based on all repeating units.

[0241] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention is more preferably
a ternary copolymerization polymer comprising from 25 to 50% of the repeating unit having an alicyclic hydrocarbon-
containing partial structure represented by any one of formulae (pl) to (pV), from 25 to 50% of the repeating unit having
a lactone structure and from 5 to 30% of the repeating unit having an alicyclic hydrocarbon structure substituted by a
polar group, or a quaternary copolymerization polymer additionally comprising from 5 to 20% of the repeating unit having
a carboxyl group or a structure represented by formula (F1).

[0242] The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention can be synthesized
by an ordinary method (for example, radical polymerization). Examples of the synthesis method in general include a
batch polymerization method of dissolving the monomer species and an initiator in a solvent and heating the solution,
thereby effecting the polymerization, and a dropping polymerization method of adding dropwise a solution containing
monomer species and an initiator in a heated solvent over 1 to 10 hours. A dropping polymerization method is preferred.
Examples of the reaction solvent include tetrahydrofuran, 1,4-dioxane, ethers (e.g., diisopropyl ether), ketones (e.g.,
methyl ethyl ketone, methyl isobutyl ketone), an ester solvent (e.g., ethyl acetate), an amide solvent (e.g., dimethylfor-
mamide, diethylacetamide), and a solvent capable of dissolving the composition of the present invention, which is
described later, such as propylene glycol monomethyl ether acetate, propylene glycol monomethyl ether and cyclohex-
anone. The polymerization is preferably performed by using the same solvent as the solvent used in the photosensitive
composition of the present invention. By the use of this solvent, generation of particles during storage can be suppressed.
[0243] The polymerization reaction is preferably performed in an inert gas atmosphere such as nitrogen or argon. The
polymerization is started by using a commercially available radical initiator (e.g., azo-based initiator, peroxide). The
radical initiator is preferably an azo-based initiator, and an azo-based initiator having an ester group, a cyano group or
acarboxyl groupis preferred. Preferred examples of the initiator include azobisisobutyronitrile, azobisdimethylvaleronitrile
and dimethyl 2,2’-azobis(2-methylpropionate). The initiator is added additionally or in parts, if desired. After the completion
of reaction, the reactant is charged into a solvent, and the desired polymer is recovered by a method such as powder
or solid recovery. The reaction concentration is from 5 to 50 mass%, preferably from 10 to 30 mass%, and the reaction
temperature is usually from 10 to 150°C, preferably from 30 to 120°C, more preferably from 50 to 100°C.

[0244] In the case of using the composition of the present invention for the upper resist of a multilayer resist, the resin
of the component (B) preferably has a silicon atom.

[0245] As for the resin having a silicon atom and capable of decomposing under the action of an acid to increase the
solubility in an alkali developer, a resin having a silicon atom in at least either main chain or side chain can be used.
Examples of the resin having a siloxane structure in the side chain of resin include a copolymer of an olefin-based
monomer having a silicon atom in the side chain and a (meth)acrylic acid-based monomer having a maleic anhydride
and an acid-decomposable group in the side chain.

[0246] The resin having a silicon atom is preferably a resin having a trialkylsilyl structure or a monocyclic or polycyclic
siloxane structure, more preferably a resin containing a repeating unit having a structure represented by any one of the
following formulae (SS-1) to (SS-4), still more preferably a resin containing a (meth)acrylic acid ester-based, vinyl-based
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or acryl-based repeating unit having a structure represented by any one of formulae (SS-1) to (SS-4).

I‘/Rs
/Sl\o

SS-1

Rs—Si—Rs SS-2

Rs

Rs SS-3

SN $S-4
S1 0

[0247] Informulae (SS-1) to (SS-4), Rs represents an alkyl group having a carbon number of 1 to 5 and is preferably
a methyl group or an ethyl group.

[0248] The resin having a silicon atom preferably a resin containing two or more different repeating units having a
silicon atom, more preferably a resin containing both (Sa) a repeating unit having from 1 to 4 silicon atoms and (Sb) a
repeating unit having from 5 to 10 silicon atoms, still more preferably a resin containing at least one repeating unit having
a structure represented by any one of formulae (SS-1) to (SS-3) and a repeating unit having a structure represented by
formula (SS-4).

[0249] In the case of irradiating the positive photosensitive composition of the present invention with F, excimer laser
light, the resin of the component (B) is preferably a resin having a structure that a fluorine atom is substituted to the main
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chain and/or the side chain of the polymer skeleton, and being capable of decomposing under the action of an acid to
increase the solubility in an alkali developer (hereinafter sometimes referred to as a "fluorine group-containing resin"),
more preferably a resin containing a hydroxyl group with the 1-position being substituted by a fluorine atom or a fluoroalkyl
group or containing a group where the hydroxyl group with the 1-position being substituted by a fluorine atom or a
fluoroalkyl group is protected by an acid-decomposable group, and still more preferably a resin having a hexafluoro-2-
propanol structure or a structure that the hydroxyl group of hexafluoro-2-propanol is protected by an acid-decomposable
group. By introducing a fluorine atom, the transparency to far ultraviolet light, particularly F, (157 nm) light, can be
enhanced.

[0250] Preferred examples of the fluorine group-containing resin as the acid-decomposable resin (B) include a resin
having at least one repeating unit represented by the following formulae (FA) to (FG):

Rio2  Ryps

\. / |
—(—/c—c\ﬁ- (FA)

RlOO RlOl
Rio2  Ryos

~('—7\c—c\ﬁ— : | (FB)

Ri00 OR;y0

‘@c—ce— ~ (FC)

Ry000 OR; 01
Ry Ry03
N\ /
s
]
R ]
100 A, (FD)
Rip4 ’ Riog
ORqg5
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(FE)

> a
/ Rige
Ri07 Ay ORy o5
Rqgg Rioq b
{
\ /
FF
cF, (FF)
CO,R 144
[
—(—CHZ—CII—)'— (FG)
COzR109

[0251] In these formulae, Rqqo to Ryo3 each independently represents a hydrogen atom, a fluorine atom, an alkyl
group or an aryl group.

[0252] R,p4 and Rygg €ach is a hydrogen atom, a fluorine atom or an alkyl group, and at least either one of R4, and
R0 is a fluorine atom or a fluoroalkyl group. R4o4 and Ryqg are preferably both a trifluoromethyl group.

[0253] Rqs5is a hydrogen atom, an alkyl group, a cycloalkyl group, an acyl group, an alkoxycarbonyl group or a group
capable of decomposing under the action of an acid.

[0254] A, is a single bond, a divalent linking group such as alkylene group, cycloalkylene group, alkenylene group,
arylene group, -OCO-, -COO- and -CON(R,,)-, or a linking group containing a plurality of members out of these groups.
R,4 is a hydrogen atom or an alkyl group.

[0255] R,y7 and Ryqg €ach is a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group, an alkoxycarbonyl
group or a group capable of decomposing under the action of an acid.

[0256] R;qg is @ hydrogen atom, an alkyl group, a cycloalkyl group or a group capable of decomposing under the
action of an acid.

[0257] bis 0,1 or 2.

[0258] Informulae (FA) and (FC), Ryqq and R4q1 may form a ring through an alkylene group (having a carbon number
of 1 to 5) which may be substituted by fluorine.

[0259] The repeating units represented by formulae (FA) to (FG) each contains at least one fluorine atom, preferably
3 or more fluorine atoms, per one repeating unit.

[0260] In formulae (FA) to (FG), the alkyl group is, for example, an alkyl group having a carbon number of 1 to 8, and
specific preferred examples thereof include a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-butyl
group, a hexyl group, a 2-ethylhexyl group and an octyl group.

[0261] The cycloalkyl group may be monocyclic or polycyclic. The monocyclic type is preferably a cycloalkyl group
having a carbon number of 3 to 8, such as cyclopropyl group, cyclopentyl group, cyclohexyl group, cycloheptyl group
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and cyclooctyl group. The polycyclic type is preferably a cycloalkyl group having a carbon number of 6 to 20, such as
adamantyl group, norbornyl group, isoboronyl group, camphanyl group, dicyclopentyl group, c-pinel group, tricyclodeca-
nyl group, tetracyclododecyl group and androstanyl group. In these monocyclic or polycyclic cycloalkyl groups, the carbon
atom may be substituted by a heteroatom such as oxygen atom.

[0262] The fluoroalkyl group is preferably a fluoroalkyl group having a carbon number of 1 to 12, and specific preferred
examples thereof include a trifluoromethyl group, a perfluoroethyl group, a perfluoropropyl group, a perfluorobutyl group,
a perfluorohexyl group, a perfluorooctyl group, a perfluorooctylethyl group and a perfluorododecyl group.

[0263] The arylgroupis, for example, an aryl group having a carbon number of 6 to 15, and specific preferred examples
thereof include a phenyl group, a tolyl group, a dimethylphenyl group, a 2,4,6-trimethylphenyl group, a naphthyl group,
an anthryl group and a 9,10-dimethoxyanthryl group.

[0264] The alkoxy group is, for example, an alkoxy group having a carbon number of 1 to 8, and specific preferred
examples thereof include a methoxy group, an ethoxy group, an n-propoxy group, an iso-propoxy group, a butoxy group,
a pentoxy group, an allyloxy group and an octoxy group.

[0265] The acyl groupis, for example, an acyl group having a carbon number of 1 to 10, and specific preferred examples
thereof include a formyl group, an acetyl group, a propanoyl group, a butanoyl group, a pivaloyl group, an odanbyl group
and a benzoyl group.

[0266] The alkoxycarbonyl group is preferably a secondary alkoxycarbonyl group, more preferably a tertiary alkoxy-
carbonyl group, such as 1-propoxycarbonyl group, tert-butoxycarbonyl group, tert-amyloxycarbonyl group and 1-methyl-
I-cyclohexyloxycarbonyl group.

[0267] The halogen atom includes, for example, a fluorine atom, a chlorine atom, a bromine atom and an iodine atom.
[0268] The alkylene group is preferably an alkylene group having a carbon number of 1 to 8, such as methylene group,
ethylene group, propylene group, butylene group, hexylene group and octylene group.

[0269] The alkenylene group is preferably an alkenylene group having a carbon number of 2 to 6, such as ethenylene
group, propenylene group and butenylene group.

[0270] The cycloalkylene group is preferably a cycloalkylene group having a carbon number of 5 to 8, such as cy-
clopentylene group and cyclohexylene group.

[0271] The arylene group is preferably an arylene group having a carbon number of 6 to 15, such as phenylene group,
tolylene group and naphthylene group.

[0272] These groups each may have a substituent, and examples of the substituent include those having an active
hydrogen, such as alkyl group, cycloalkyl group, aryl group, amino group, amido group, ureido group, urethane group,
hydroxyl group and carboxyl group, a halogen atom (e.g., fluorine, chlorine, bromine, iodine), an alkoxy group (e.g.,
methoxy, ethoxy, propoxy, butoxy), a thioether group, an acyl group (e.g., acetyl, propanoyl, benzoyl), an acyloxy group
(e.g., acetoxy, propanoyloxy, benzoyloxy), an alkoxycarbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, propoxy-
carbonyl), a cyano group and a nitro group.

[0273] The alkyl group, cycloalkyl group and aryl group include those described above, and the alkyl group may be
further substituted by a fluorine atom or a cycloalkyl group.

[0274] Examples of the group capable of decomposing under the action of an acid, contained in the fluorine group-
containing resin of the present invention, include -O-C(R35)(R37)(R3g), -O-C(R35)(R37)(OR3g), -O-COO-C(R36)(R37)
(Rzg), -O-C(Ry1)(Rp2)COO-C(R36)(R37)(R3g), -COO-C(R36)(R37)(R3g), -COO-C(R36)(R37)(OR3o).

[0275] Rs6 to R3g each represents an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group or an alkenyl
group, and Ry and Ry, each represents a hydrogen atom, an alkyl group, a cycloalkyl group, an alkenyl group (e.g.,
vinyl, allyl, butenyl, cyclohexenyl), an aralkyl group (e.g., benzyl, phenethyl, naphthylmethyl), or an aryl group.

[0276] Specific preferred examples include an ether or ester group of a tertiary alkyl group such as tert-butyl group,
tert-amyl group, 1-alkyl-1-cyclohexyl group, 2-alkyl-2-adamantyl group, 2-adamantyl-2-propyl group and 2-(4-methylcy-
clohexyl)-2-propyl group, an acetal or acetal ester group such as 1-alkoxy-1-ethoxy group and tetrahydropyranyl group,
a tert-alkylcarbonate group, and a tert-alkylcarbonylmethoxy group.

[0277] Specific examples of the repeating structural units represented by formulae (FA) to (FG) are set forth below,
but the present invention is not limited thereto.

E F FF E F F F
\
o> A<+ +-c—c+ ~c—c+
FooF P Chs  FC CR F o CoFy
(F-1) (F-2) (F-3) (F-4)
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CHs
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CHs CHy CHs CH,3
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(F-52) (F-53) (F-54)
g=0 6=0 6=0 g=0
0 o 0 ¢ Q CR
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\
(Fh CF, 0-C,Fs
n=8 '
c-o o
: oF, (F-63 ) (F-64) (F-65)

1 _ |
CH,CH,-CF,CF,CFCF,

(F-62)

[0278] The total content of the repeating units represented by formulae (FA) to (FG) is generally from 10 to 80 mol%,
preferably from 30 to 70 mol%, more preferably from 35 to 65 mol%, based on all repeating units constituting the resin.
[0279] In the fluorine-containing resin, in addition to these repeating structural units, other polymerizable monomers
may be copolymerized for enhancing the performance of the resist of the present invention.

[0280] Examples of the copolymerization monomer which can be used include a compound having one addition-
polymerizable unsaturated bond, selected from acrylic acid esters other than those described above, acrylamides,
methacrylic acid esters, methacrylamides, allyl compounds, vinyl ethers, vinyl esters, styrenes and crotonic acid esters.
[0281] From the standpoint of enhancing the dry etching resistance, controlling the alkali solubility and increasing the
adhesion to substrate, the fluorine-containing resin preferably contains another repeating unit as a copolymerization
component in addition to the above-described fluorine atom-containing repeating unit. Preferred examples of the another
repeating unit include:

1) a repeating unit having an alicyclic hydrocarbon structure represented by any one of formulae (pl) to (pVI) or
formula (1-AB), specifically, repeating units 1 to 23 and repeating units [lI-1] to [II-32], preferably repeating units 1
to 23 where Rx is CF3;

2) a repeating unit having a lactone structure represented by formula (Lc) or by any one of formulae (V-1) to (V-5),
specifically, repeating units shown above, particularly, repeating units having a group represented by any one of
formulae (Lc) and (V-1) to (V-4); and

3) a repeating unit derived from a maleic anhydride, a vinyl ether or a vinyl compound having a cyano group,
represented by the following formula (XV), (XVI) or (XVII), specifically repeating units (C-1) to (C-15).

[0282] In these repeating units, a fluorine atom may or may not be contained.
(XV)

—-(-—CHZ—CE—)-—

O—Ry;

(XVD)
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/R42
-—(—-CHZ—C\——Q—— (XVII)

A;—CN

[0283] Inthese formulae, Ry, represents an alkyl group, a cycloalkyl group, an aralkyl group or an aryl group, and the
alkyl group of R4 may be substituted by an aryl group.

[0284] R, represents a hydrogen atom, a halogen atom, a cyano group or an alkyl group.

[0285] Ajrepresents a single bond, a divalent alkylene, alkenylene, cycloalkylene or arylene group, -O-CO-Rzz, -CO-
0O-Ry3- or -CO-N(Ryy4)-Ros-.

[0286] R,,, Ry3 and Ry, which may be the same or different, each represents a single bond or a divalent alkylene,
alkenylene, cycloalkylene or arylene group which may have an ether group, an ester group, an amide group, a urethane
group or a ureido group.

[0287] R, represents a hydrogen atom, an alkyl group, a cycloalkyl group, an aralkyl group or an aryl group.

[0288] Examples of each substituent include the same as those described above for the substituents of formulae (FA)
to (FG).

[0289] Specific examples of the repeating structural units represented by formulae (XV) to (XVII) are set forth below,
but the present invention is not limited thereto.

~CHy CH- +-CHy CHY- ~CHyCH-
(@) @) ' @)
“CHs “C,Hs “CaHo!
(C-1) (C2) (C-3)

+-CHyCH)- +CHyCH- - CHy CHA-
@) @]

O \

CH,

(C4) (C-5) (C6)
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~CHyCHY- +CHy CH- ~fcHyCHo-
0]

0 0
Nl
H3C C
HaC
(C-7) (C-8) (C-9)
CHg CH,Cl GHoF
‘(’CHz'(|3“)‘ +CH2'C‘3+ TCHGF
CN CN CN
(C-10) (C-11) (C-12)
 CHy | CHy
+CHyC —+-cHyCHI- ~+cH,c—-
o=C
O~CH,CH,-CN
CN CN
(C-13) (C-14) (C-15)

[0290] The total amount of the repeating unit represented by any one of formulae (XV) to (XVII) and the another
repeating unit is generally from 0 to 70 mol%, preferably from 10 to 60 mol%, more preferably from 20 to 50 mol%, based
on all repeating units constituting the resin.

[0291] The fluorine group-containing resin may contain an acid-decomposable group in any repeating unit.

[0292] The content of the repeating unit having an acid-decomposable group is preferably from 10 to 70 mol%, more
preferably from 20 to 60 mol%, still more preferably from 30 to 60 mol%, based on all repeating units.

[0293] The fluorine group-containing resin can be synthesized by radical polymerization almost in the same manner
as the alicyclic hydrocarbon-based acid-decomposable resin.

[0294] The weight average molecular weight of the resin as the component (B) is preferably from 2,000 to 200,000 in
terms of polystyrene by the GPC method. With a weight average molecular weight of 2,000 or more, heat resistance
and dry etching resistance can be increased and with a weight average molecular weight of 200,000 or less, developability
can be enhanced and at the same time, by virtue of decrease in the viscosity, the film-forming property can be improved.
The molecular weight is more preferably from 5,000 to 50,000, still more preferably from 7,000 to 30,000. By controlling
the molecular weight, the composition can be satisfied in all of heat resistance, resolving power, development defect
and the like. The dispersity (Mw/Mn) of the resin as the component (B) is preferably from 1.0 to 3.0, more preferably
from 1.2 to 2.5, still more preferably from 1.2 to 1.6. By controlling the dispersity to an appropriate range, the line edge
roughness performance can be enhanced.
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[0295] In the positive photosensitive composition of the present invention, the amount of the resin as the component
(B) blended in the entire composition is preferably from 40 to 99.99 mass%), more preferably from 50 to 99 mass%, still
more preferably from 80 to 96 mass%, based on the entire solid content.

[3] (C) Dissolution inhibiting compound capable of decomposing under the action of an acid to increase the solubility in
an alkali developer and having a molecular weight of 3,000 or less (hereinafter sometimes referred to as a "component
(C)" or "dissolution inhibiting compound")

[0296] In order to prevent reduction in the transmittance at 220 nm or less, the dissolution inhibiting compound (C)
capable of decomposing under the action of an acid to increase the solubility in an alkali developer and having a molecular
weight of 3,000 or less is preferably an alicyclic or aliphatic compound containing an acid-decomposable group, such
as acid-decomposable group-containing cholic acid derivative described in Proceeding of SPIE, 2724, 355 (1996).
Examples of the acid-decomposable group and the alicyclic structure include the same as those described above for
the alicyclic hydrocarbon-based acid-decomposable resin.

[0297] In the case where the photosensitive composition of the present invention is exposed with a KrF excimer laser
orirradiated with electron beams, the dissolution inhibiting compound preferably contains a structure in which the phenolic
hydroxyl group of a phenol compound is replaced by an acid-decomposable group. The phenol compound preferably
contains from 1 to 9 phenol skeletons, more preferably from 2 to 6 phenol skeletons.

[0298] The molecular weight of the dissolution inhibiting compound for use in the present invention is 3,000 or less,
preferably from 300 to 3,000, more preferably from 500 to 2,500.

[0299] The amount of the dissolution inhibiting compound added is preferably from 3 to 50 mass%, more preferably
from 5 to 40 mass%, based on the solid content of the photosensitive composition.

[0300] Specific examples of the dissolution inhibiting compound are set forth below, but the present invention is not

limited thereto.
D
' ]
o Q
0
HO OH

OH COO-t-Bu

HO OH
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HO
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N
[:L <7 CO0-t-Bu 7 ~C00-t-Bu )j\} ~C0O-t-Bu

[4] (D) Resin soluble in an alkali developer (hereinafter sometimes referred to as a "component (D)" or "alkali-soluble
resin"

[0301] The alkali dissolution rate of the alkali-soluble resin is preferably 20 A/sec or more, more preferably 200 A/sec
or more (A is angstrom), as measured (at 23°C) in 0.261N tetramethylammonium hydroxide (TMAH).

[0302] Examples of the alkali-soluble resin for use in the present invention include, but are not limited to, novolak
resin, hydrogenated novolak resin, acetone-pyrogallol resin, o-polyhydroxystyrene, m-polyhydroxystyrene, p-polyhy-
droxystyrene, hydrogenated polyhydroxystyrene, halogen- or alkyl-substituted polyhydroxystyrene, a hydroxystyrene-
N-substituted maleimide copolymer, an o/p- or m/p-hydroxystyrene copolymer, polyhydroxystyrene with the hydroxyl
group being partially O-alkylated (for example, 5 to 30 mol% being O-methylated, O-(1-methoxy)ethylated, O-(1-ethoxy)
ethylated, O-2-tetrahydropyranylated or O-(tert-butoxycarbonyl)methylated) or O-acylated (for example, 5 to 30 mol%
being o-acylated or O-(tert-butoxy)carbonylated), a styrene-maleic anhydride copolymer, a styrene-hydroxystyrene co-
polymer, an a-methylstyrene-hydroxystyrene copolymer, a carboxyl group-containing methacrylic resin and a derivative
thereof, and a polyvinyl alcohol derivative.

[0303] Among these alkali-soluble resins, preferred are novolak resin, o-polyhydroxystyrene, m-polyhydroxystyrene,
p-polyhydroxystyrene, a copolymer thereof, alkyl-substituted polyhydroxystyrene, partially O-alkylated or O-acylated
polyhydroxystyrene, a styrene-hydroxystyrene copolymer and an a-methylstyrene-hydroxystyrene copolymer.

[0304] The novolak resin can be obtained by subjecting a predetermined monomer as the main component to addition
condensation with an aldehyde in the presence of an acidic catalyst.

[0305] The weight average molecular weight of the alkali-soluble resin is 2,000 or more, preferably from 5,000 to
200,000, more preferably from 5,000 to 100,000.

[0306] The weight average molecular weight used herein is defined as a polystyrene-reduced value measured by gel
permeation chromatography.

[0307] In the present invention, two or more of these alkali-soluble resins (D) may be used in combination.

[0308] The amount of the alkali-soluble resin used is from 40 to 97 mass%, preferably from 60 to 90 mass%, based
on the entire solid content of the photosensitive composition.

[5] (E) Acid crosslinking agent capable of crosslinking with the alkali-soluble resin under the action of an acid (hereinafter
sometimes referred to as a "component (E)" or "crosslinking agent")

[0309] In the negative photosensitive composition of the present invention, a crosslinking agent is used.
[0310] The crosslinking agent may be any compound as long as it causes crosslinking of the resin soluble in an alkali

developer under the action of an acid, but the following compounds (1) to (3) are preferred:

(1) a hydroxymethyl, alkoxymethyl or acyloxymethyl form of phenol derivative,
(2) a compound having an N-hydroxymethyl group, an N-alkoxymethyl group or an N-acyloxymethyl group, and
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(3) a compound having an epoxy group.

[0311]

The alkoxymethyl group is preferably an alkoxymethyl group having a carbon number of 6 or less, and the

acyloxymethyl group is preferably an acyloxymethyl group having a carbon number of 6 or less.

[0312]

[0313]

Among these crosslinking agents, particularly preferred are set forth below.
g i
SRy N L Lino o™ b
U UL O @ o8
HO HO "OH OH HO” “OH
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In these formulae, L' to L8, which may be the same or different, each represents a hydrogen atom, a hydroxyme-

thyl group, a methoxymethyl group, an ethoxymethyl group or an alkyl group having a carbon number of 1 to 6.

[0314]

The crosslinking agent is usually added in an amount of 3 to 70 mass%, preferably from 5 to 50 mass%, based

on the solid content of the photosensitive composition.

<Other Components>

[6] (F) Basic compound

[0315]

The photosensitive composition of the present invention preferably contains (F) a basic compound so as to
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reduce the change of performance in aging from exposure to heating.
[0316] Preferred structures of the basic compound include structures represented by the following formulae (A) to (E).

g251
sto___IL__stz (4)
B ®
L=l ©
R254, 255
253 | |

R _T—N—IC—R256 (E)

[0317] Inthese formulae, R250, R251 and R252 each independently represents a hydrogen atom, an alkyl group having
a carbon number of 1 to 20, a cycloalkyl group having a carbon number of 3 to 20, or an aryl group having a carbon
number of 6 to 20, and R250 and R251 may combine with each other to form a ring. These groups each may have a
substituent. The alkyl group or cycloalkyl group having a substituent is preferably an aminoalkyl group having a carbon
number of 1 to 20, an aminocycloalkyl group having a carbon number of 3 to 20, a hydroxyalkyl group having a carbon
number of 1 to 20, or a hydroxycycloalkyl group having a carbon number of 3 to 20.

[0318] These groups each may contain an oxygen atom, a sulfur atom or a nitrogen atom in the alkyl chain.

[0319] R?233, R254, R255 and R256 each independently represents an alkyl group having a carbon number of 1 to 6 or
a cycloalkyl group having a carbon number of 3 to 6.

[0320] Preferred examples of the compound include guanidine, aminopyrrolidine, pyrazole, pyrazoline, piperazine,
aminomorpholine, aminoalkylmorpholine and piperidine, which each may have a substituent. More preferred examples
include a compound having an imidazole structure, a diazabicyclo structure, an onium hydroxide structure, an onium
carboxylate structure, a trialkylamine structure, an aniline structure or a pyridine structure; an alkylamine derivative
having a hydroxyl group and/or an ether bond; and an aniline derivative having a hydroxyl group and/or an ether bond.
[0321] Examples of the compound having an imidazole structure include imidazole, 2,4,5-triphenylimidazole and ben-
zimidazole. Examples of the compound having a diazabicyclo structure include 1,4-diazabicyclo[2,2,2]octane, 1,5-di-
azabicyclo[4,3,0]non-5-ene and 1,8-diazabicyclo[5,4,0Jundec-7-ene. Examples of the compound having an onium hy-
droxide structure include a triarylsulfonium hydroxide, a phenacylsulfonium hydroxide and a sulfonium hydroxide having
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a 2-oxoalkyl group, specifically, triphenylsulfonium hydroxide, tris(tert-butylphenyl)sulfonium hydroxide, bis(tert-butyl-
phenyl)iodonium hydroxide, phenacylthiophenium hydroxide and 2-oxopropylthiophenium hydroxide. Examples of the
compound having an onium carboxylate structure include a compound having an onium hydroxide structure where the
anion moiety is converted into a carboxylate, such as acetate, adamantane-1-carboxylate and perfluoroalkyl carboxylate.
Examples of the compound having a trialkylamine structure include tri(n-butyl)amine and tri(n-octyl)amine. Examples
of the aniline compound include 2,6-diisopropylaniline and N,N-dimethylaniline. Examples of the alkylamine derivative
having a hydroxyl group and/or an ether bond include ethanolamine, diethanolamine, triethanolamine and tris(methox-
yethoxyethyl)amine. Examples of the aniline derivative having a hydroxyl group and/or an ether bond include N,N-bis
(hydroxyethyl)aniline.

[0322] These basic compounds are used individually or in combination of two or more thereof. However, when the
amount of the component (A) used is 0.05 mass% or more, the basic substance may or may not be used. In the case
of using the basic compound, the amount used thereof is usually from 0.001 to 10 mass%, preferably from 0.01 to 5
mass%, based on the solid content of the photosensitive composition. The amount used is preferably 0.001 mass% or
more for obtaining a sufficiently high addition effect and preferably 10 mass% or less in view of sensitivity and develop-
ability of unexposed part.

[7] (G) Fluorine- and/or silicon-containing surfactant

[0323] The photosensitive composition of the present invention preferably further contains any one fluorine- and/or
silicon-containing surfactant (a fluorine-containing surfactant, a silicon-containing surfactant or a surfactant containing
both a fluorine atom and a silicon atom), or two or more thereof.

[0324] When the photosensitive composition of the present invention contains a fluorine-and/or silicon-containing
surfactant; a resist pattern with good sensitivity, resolution and adhesion and less development defects can be obtained
when an exposure light source of 250 nm or less, particularly 220 nm or less, is used.

[0325] Examples of the fluorine- and/or silicon-containing surfactant include surfactants described in JP-A-62-36663,
JP-A-61-226746, JP-A-61-226745, JP-A-62-170950, JP-A-63-34540, JP-A-7-230165, JP-A-8-62834, JP-A-9-54432,
JP-A-9-5988, JP-A-2002-277862 and U.S. Patents 5,405,720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 5,576,143,
5,294,511 and 5,824,451. The following commercially available surfactants each may also be used as it is.

[0326] Examples of the commercially available surfactant which can be used include a fluorine-containing surfactant
and a silicon-containing surfactant, such as EFtop EF301 and EF303 (produced by Shin-Akita Kasei K.K.), Florad FC430
and 431 (produced by Sumitomo 3M Inc.), Megafac F171, F173, F176, F189 and R08 (produced by Dainippon Ink &
Chemicals, Inc.), Surflon S-382, SC101, 102, 103, 104, 105 and 106 (produced by Asahi Glass Co., Ltd.), and Troysol
S-366 (produced by Troy Chemical). In addition, polysiloxane polymer KP-341 (produced by Shin-Etsu Chemical Co.,
Ltd.) may also be used as the silicon-containing surfactant.

[0327] Other than those known surfactants, a surfactant using a polymer having a fluoro-aliphatic group, which is
derived from a fluoro-aliphatic compound produced by telomerization process (also called telomer process) or oligomer-
ization process (also called oligomer process), may be used. The fluoro-aliphatic compound can be synthesized by the
method described in JP-A-2002-90991.

[0328] The polymer having a fluoro-aliphatic group is preferably a copolymer of a fluoro-aliphatic group-containing
monomer with (poly(oxyalkylene)) acrylate and/or (poly(oxyalkylene)) methacrylate, and the polymer may have an ir-
regular distribution or may be a block copolymer. Examples of the poly(oxyalkylene) group include a poly(oxyethylene)
group, a poly(oxypropylene) group and a poly(oxybutylene group). This group may also be a unit having alkylenes
differing in the chain length within the same chain, such as block-linked poly(oxyethylene, oxypropylene and oxyethylene)
and block-linked poly(oxyethylene and oxypropylene). Furthermore, the copolymer of a fluoro-aliphatic group-containing
monomer and a (poly(oxyalkylene)) acrylate (or methacrylate) may be not only a binary copolymer but also a ternary or
greater copolymer obtained by simultaneously copolymerizing two or more different fluoro-aliphatic group-containing
monomers or two or more different (poly(oxyalkylene)) acrylates (or methacrylates).

[0329] Examples thereof include commercially available surfactants such as Megafac F178, F-470, F-473, F-475, F-
476 and F-472 (produced by Dainippon Ink & Chemicals, Inc.). Other examples include a copolymer of an acrylate (or
methacrylate) having a CgF 43 group with a (poly(oxyalkylene)) acrylate (or methacrylate), a copolymer of an acrylate
(or methacrylate) having a CgF 43 group with a (poly(oxyethylene)) acrylate (or methacrylate) and a (poly(oxypropylene))
acrylate (or methacrylate), a copolymer of an acrylate (or methacrylate) having a CgF 17 group with a (poly(oxyalkylene))
acrylate (or methacrylate), and a copolymer of an acrylate (or methacrylate) having a CgF 7 group with a (poly(oxyeth-
ylene)) acrylate (or methacrylate) and a (poly(oxypropylene)) acrylate (or methacrylate).

[0330] The amount of the fluorine- and/or silicon-containing surfactant used is preferably from 0.0001 to 2 mass%,
more preferably from 0.001 to 1 mass%, based on the entire amount of the photosensitive composition (excluding the
solvent).
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[8] (H) Organic solvent

[0331] In the photosensitive composition of the present invention, the above-described components are used by
dissolving these in a predetermined organic solvent.

[0332] Examples of the organic solvent which can be used include ethylene dichloride, cyclohexanone, cyclopen-
tanone, 2-heptanone, y-butyrolactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, 2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, propylene
glycol monomethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropionate, ethyl
ethoxypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethylsulfoxide, N-meth-
ylpyrrolidone and tetrahydrofuran.

(Ha) Ketone-based solvent

[0333] The solvent for use in the present invention is preferably a solvent having at least one ketone structure.
[0334] The solvent having a ketone structure includes a chain ketone solvent and a cyclic ketone solvent. A compound
having a total carbon number of 5 to 8 is preferred, because good coatability is obtained.

[0335] Examples of the chain ketone solvent include 2-heptanone, methyl ethyl ketone and methyl isobutyl ketone,
with 2-heptanone being preferred.

[0336] Examples of the cyclic ketone solvent include cyclopentanone, 3-methyl-2-cyclopentanone, cyclohexanone,
2-methylcyclohexanone, 2,6-dimethylcyclohexanone, cycloheptanone, cyclooctanone and isophorone, with cyclohex-
anone and cycloheptanone being preferred.

[0337] A solvent having a ketone structure may be used alone as the solvent or may be used as a mixed solvent with
another solvent. Examples of the solvent mixed (solvent used in combination) include a propylene glycol monoalkyl
ether carboxylate, an alkyl lactate, a propylene glycol monoalkyl ether, an alkyl alkoxypropionate and a lactone compound.
[0338] Examples of the propylene glycol monoalkyl ether carboxylate include propylene glycol monomethyl ether
acetate, propylene glycol monomethyl ether propionate and propylene glycol monoethyl ether acetate.

[0339] Examples of the alkyl lactate include methyl lactate and ethyl lactate.

[0340] Examples of the propylene glycol monoalkyl ether include propylene glycol monomethyl ether and propylene
glycol monoethyl ether.

[0341] Examples of the alkyl alkoxypropionate include methyl methoxypropionate, ethyl methoxypropionate, methyl
ethoxypropionate and ethyl ethoxypropionate.

[0342] Examples of the lactone compound include y-butyrolactone.

[0343] The solvent used in combination is preferably propylene glycol monoalkyl ether carboxylate, alkyl lactate or
propylene glycol monoalky! ether, more preferably propylene glycol monomethyl ether acetate.

[0344] By mixing the ketone-based solvent and the solvent used in combination, for example, adhesion to substrate,
developability and DOF are improved.

[0345] The ratio (by mass) of the ketone-based solvent and the solvent used in combination is preferably from 10/90
to 95/5, more preferably from 20/80 to 80/20, still more preferably from 30/70 to 70/30.

[0346] From the standpoint of enhancing the film thickness uniformity or development defect performance, a high
boiling point solvent having a boiling point of 200°C or more, such as ethylene carbonate and propylene carbonate, may
be mixed.

[0347] The amount added of the high boiling point solvent is usually from 0.1 to 15 mass%, preferably from 0.5 to 10
mass%, more preferably from 1 to 5 mass%, based on the entire solvent.

[0348] By using such a ketone-based solvent alone or using a mixed solvent with another solvent, a photosensitive
composition having a solid content concentration of usually from 3 to 25 mass%, preferably from 5 to 22 mass%, more
preferably from 5 to 15 mass%, is prepared.

<Other Additives>

[0349] The photosensitive composition of the present invention may further contain, for example, a dye, a plasticizer,
a surfactant other than the component (G), a photosensitizer and a compound capable of accelerating the solubility in
a developer, if desired.

[0350] The compound capable of accelerating the dissolution in a developer, which can be used inthe presentinvention,
is a low molecular compound containing two or more phenolic OH groups or one or more carboxy group and having a
molecular weight of 1,000 or less. Inthe case of containing a carboxyl group, an alicyclic or aliphatic compound is preferred.
[0351] The amount added of the dissolution accelerating compound is preferably from 2 to 50 mass%, more preferably
from 5 to 30 mass%, based on the resin of component (B) or the resin of component (D). The amount added is preferably
50 mass% or less from the standpoint of preventing the development residue or deformation of pattern at the development.
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[0352] The phenol compound having a molecular weight of 1,000 or less can be easily synthesized by one skilled in
the art by referring to the method described, for example, in JP-A-4-122938, JP-A-2-28531, U.S. Patent 4,916,210 and
European Patent 219294.

[0353] Specific examples of the alicyclic or aliphatic compound having a carboxy group include, but are not limited to,
a carboxylic acid derivative having a steroid structure, such as cholic acid, deoxycholic acid and lithocholic acid, an
adamantane carboxylic acid derivative, an adamantane dicarboxylic acid, a cyclohexanecarboxylic acid and a cyclohex-
anedicarboxylic acid.

[0354] In the present invention, a surfactant other than (G) the fluorine- and/or silicon-containing surfactant can also
be added. Specific examples thereof include a nonionic surfactant such as polyoxyethylene alkyl ethers, polyoxyethylene
alkylallyl ethers, polyoxyethylene-polyoxypropylene block copolymers, sorbitan fatty acid esters and polyoxyethylene
sorbitan fatty acid esters.

[0355] One of these surfactants may be used alone or some of these surfactants may be used in combination.

(Pattern Forming Method)

[0356] The photosensitive composition of the present invention is used by dissolving the above-described components
in a predetermined organic solvent, preferably a mixed solvent described above, and coating the obtained solution on
a predetermined support as follows.

[0357] For example, the photosensitive composition is coated on a substrate (e.g., silicon/silicon dioxide-coated sub-
strate) as used in the production of a precision integrated circuit device, by an appropriate coating method such as
spinner or coater, and dried to form a photosensitive film.

[0358] This photosensitive film is irradiated with actinic rays or radiation through a predetermined mask and preferably
after baking (heating), developed, whereby a good pattern can be obtained.

[0359] At the irradiation with actinic rays or radiation, the exposure may be performed by filling a liquid having a
refractive index higher than that of air between the photosensitive film and the lens (immersion exposure). By this
exposure, resolution can be elevated.

[0360] Examples of the actinic ray or radiation include infrared light, visible light, ultraviolet light, far ultraviolet light,
X-ray and electron beam. Among these, preferred is far ultraviolet light at a wavelength of 250 nm or less, more preferably
220 nm or less. Specific examples thereof include a KrF excimer laser (248 nm), an ArF excimer laser (193 nm), an F,
excimer laser (157 nm), an X-ray and an electron beam, with ArF excimer laser, F, excimer laser, EUV (13 nm) and
electron beam being preferred.

[0361] In the development step, an alkali developer is used as follows. The alkali developer which can be used for
the resist composition is an alkaline aqueous solution of inorganic alkalis such as sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium silicate, sodium metasilicate and aqueous ammonia, primary amines such as ethylamine
and n-propylamine, secondary amines such as diethylamine and di-n-butylamine, tertiary amines such as triethylamine
and methyldiethylamine, alcohol amines such as dimethylethanolamine and triethanolamine, a quaternary ammonium
salt such as tetramethylammonium hydroxide and tetraethylammonium hydroxide, or cyclic amines such as pyrrole and
piperidine.

[0362] In the alkali developer, alcohols and a surfactant may also be added in an appropriate amount.

[0363] The alkali concentration of the alkali developer is usually from 0.1 to 20 mass%.

[0364] The pH of the alkali developer is usually from 10.0 to 15.0.

Examples

[0365] The present invention is described in greater detail below by referring to Examples, but the present invention
should not be construed as being limited thereto.

<Synthesis Example of Compound (A)>
Synthesis of Compound A-1:

[0366] In a 300 mL-volume three-neck flask equipped with a 100-mL dropping funnel and a nitrogen inlet tube, 10.0
g (31.6 mmol) of 1,1,2,2,3,3-hexafluoropropane-1,3-disulfonyl difluoride was charged, then dissolved in 60 mL of THF
in a nitrogen atmosphere and then stirred under ice cooling. Subsequently, 80 mL of a THF solution containing 5.89 g
(31.6 mmol) of 1-BOC-piperazine and 3.20 g (31.6 mmol) of triethylamine was added dropwise through the dropping
funnel over 1 hour. Following the dropwise addition, the mixed solution was stirred under ice cooling for 1 hour and after
removing the ice bath, stirred at room temperature for 8 hours. Thereafter, 300 mL of ethyl acetate was added to the
reaction solution, and the organic layer was washed with water several times, concentrated and then exsiccated to obtain

59



EP 1 684 116 A2

a white solid having the following structure.

[0367] Furthermore, 150 mL of methanol and 80 mL of an aqueous 1M-sodium hydroxide solution were added to the
white solid and stirred at room temperature for 4 hours, and thereto, 9.22 g (27 mmol) of triphenylsulfonium bromide
was added and stirred at room temperature for 3 hours. Subsequently, 300 mL of chloroform was added, and the organic
layer was washed with water several times, concentrated and then vacuum-dried to obtain 20.0 g of a transparent oil.
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"H-NMR (400 MHz, CDCl,):
8 1.47 (s, 9H), 3.50 (bs, 8H), 7.71 (m, 15H).
19F-NMR (400 MHz, CDCls):
§-110. 5 (t, 2F), -114.0 (m, 2F), -119.0 (t, 2F).
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[0368] Various compounds (A) were synthesized in the same manner.

<Resin (B)>

[0369] The structure, molecular weight and dispersity of the resin (B) used in Examples are shown below.
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Examples 1 to 17 and Comparative Examples 1 to 3:

<Preparation of Resist>

[0370] The components shown in Table 1 below were dissolved in a solvent to prepared a solution having a solid
content concentration of 12 mass%, and this solution was filtered through a 0.1-um polytetrafluoroethylene filter or

polyethylene filter to prepare a positive resist solution. The positive resist solution prepared was evaluated by the following
methods. The results obtained are shown in Table 1.
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<Evaluation of Resist>

[0371] On a silicon substrate treated with hexamethyldisilazane, an antireflection film DUV-42 produced by Brewer
Science Co., Ltd. was uniformly coated by a spin coater to a thickness of 600 A, dried on a hot plate at 100°C for 90
seconds and then dried under heating at 190°C for 240 seconds. Thereafter, each positive resist solution was coated
by a spin coater and dried at 120°C for 90 seconds to form a resist film of 0.25 wm.

[0372] The formed resist film was exposed by an ArF excimer laser stepper (manufactured by ISI, NA=0.6) through
a mask and immediately after the exposure, heated on a hot plate at 120°C for 90 seconds. Thereafter, the resist film
was developed with an aqueous 2.38 mass% tetramethylammonium hydroxide solution at 23°C for 60 seconds, rinsed
with pure water for 30 seconds and dried to obtain a line pattern.

[0373] The sensitivity was defined as the minimum irradiation energy necessary for resolving a 0.13-um line (line:
space=1:1).

Exposure Latitude:

[0374] Defining the optimal exposure amount as the exposure amount for reproducing a line-and-space mask pattern
with a line width of 90 nm, the exposure amount width allowing for a pattern size of 90 nm=+10% on varying the exposure
amount was determined, and this value was divided by the optimal exposure amount and expressed in percentage. As
the value is larger, the fluctuation in performance due to change of exposure amount is smaller and the exposure latitude
is better.

Pattern Profile:

[0375] The profile at the optimal exposure amount was observed by a scanning electron microscope (SEM).

Pitch dependency

[0376] The line width of an isolated pattern (line/space = 1/10) at the exposure amount for reproducing a mask pattern
of a 130-nm dense pattern (line/space = 1/1) was evaluated and expressed by the difference (nm) from 130 nm. As the

value is smaller, the difference in performance between the dense pattern and the isolated pattern is smaller and the
pitch dependency is better.
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Abbreviations common in respective Tables are shown together below.

[Acid Generator]

[0378]

TPSH: triphenylsulfonium hexadecanesulfonate

[0379]

Abbreviations of the acid generators used in Comparative Examples are as follows.

3

TPSB: triphenylsulfonium pentafluorobenzenesulfonate

[0380]

3

TPSPB: triphenylsulfonium perfluorobutanesulfonate

[0381]

[Basic Compound]

[0382]

TPI:
TPSA
HEP:
DIA:

DCMA:

TPA:
HAP:
TBAH:
TMEA:
PEN:
TOA:
DBN:

2,4 ,5-triphenylimidazole

: triphenylsulfonium acetate
N-hydroxyethylpiperidine
2,6-diisopropylaniline
dicyclohexylmethylamine
tripentylamine
hydroxyantipyrine
tetrabutylammonium hydroxide
tris(methoxyethoxyethyl)amine
N-phenyldiethanolamine
trioctylamine
1,5-diazabicyclo[4.3.0]non-5-ene
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[Surfactant]
[0383]

W-1:  Megafac F176 Produced by Dainippon Ink & Chemicals, Inc.) (fluorine-containing)

W-2:  Megafac R08 (produced by Dainippon Ink & Chemicals, Inc.) (fluorine- and silicon-containing)
W-3:  polysiloxane polymer KP-341 (produced by Shin-Etsu Chemical Co., Ltd.) (silicon-containing)
W-4:  Troysol S-366 (produced by Troy Chemical)

[Solvent]
[0384]

A1:  propylene glycol monomethyl ether acetate
A2:  2-heptanone

A3:  cyclohexanone

A4:  y-butyrolactone

B1:  propylene glycol methyl ether

B2: ethyl lactate

[Dissolution Inhibiting Compound]
[0385]
LCB: tert-butyl lithocholate

[0386] AsapparentfromtheresultsinTable 1, the photosensitive composition of the presentinvention exhibits excellent
property in exposure latitude, pattern profile and pitch dependency at the ArF exposure.

[0387] In Examples 1’ and 2, the acid generator of Examples 1 and 2 was changed to A-32 (0.2 g). The resolution of
these compositions and the compositions of Examples 1 and 2 was verified. The resolution was defined as the minimum
dimension (nm) of a resist pattern resolved with the minimum irradiation energy in the evaluation of sensitivity above.
[0388] As aresult, the resolutions of Examples 1, 2, 1" and 2’ were 95 nm, 100 nm, 126 nm and 13 5 mn, respectively.

[Evaluation of Immersion Exposure]
<Preparation of Resist>

[0389] The components of each of Examples 1to 17 shown in Table 1 were dissolved in a solvent to prepare a solution
having a solid content concentration of 8 mass%, and this solution was filtered through a 0.1-um polyethylene filter to
prepare a positive resist solution. The prepared positive resist solutions were evaluated by the following methods.

<Evaluation of Resolution>

[0390] An organic antireflection film ARC29A (produced by Nissan Chemical Industries, Ltd.) was coated on a silicon
wafer and baked at 205°C for 60 seconds to form a 78-nm antireflection film. On this film, the resist composition prepared
was coated and baked at 115°C for 60 seconds to form a 150-nm resist film. The thus-obtained wafer was subjected to
two-beam interference exposure (wet exposure) by using pure water as the immersion solution. In the two-beam inter-
ference exposure (wet exposure), as shown in Fig. 1, the wafer 10 with an antireflection film and a resist film was exposed
through a prism 8 and an immersion solution (pure water) 9 by using a laser 1, a diaphragm 2, a shutter 3, three reflecting
mirrors 4, 5 and 6, and a condenser lens 7. The wavelength of the laser 1 used was 193 nm, and a prism of forming a
65-nm line-and-space pattern 8 was used. Immediately after the exposure, the resist film was heated at 120°C for 60
seconds, then developed with an aqueous tetramethylammonium hydroxide solution (2.38%) for 60 seconds and after
rinsing with pure water, spin-dried. The obtained resist pattern was observed by a scanning electron microscope (S-
9260, manufactured by Hitachi Ltd.), as a result, a 65-nm line-and-space pattern was resolved.

[0391] The compositions of Examples 1 to 17 were found to exhibit good image-forming capability even in the exposure
method through an immersion solution.
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Examples 18 to 23 and Comparative Examples 4 to 7:
(1) Formation of Lower Resist Layer

[0392] FHi-028DD Resist (resist for i-line, produced by Fujifilm Olin Co., Ltd.) was coated on a 6-inch silicon wafer by
using a spin coater, Mark 8, manufactured by Tokyo Electron Ltd. and then baked at 90°C for 90 seconds to obtain a
uniform film having a thickness of 0.55 pm

[0393] This film was further heated at 200°C for 3 minutes to form a lower resist layer having a thickness of 0.40 pm.

(2) Formation of Upper Resist Layer

[0394] The components shown in Table 2 below were dissolved in a solvent to prepare a solution having a solid content
concentration of 11 mass%, and this solution was microfiltered through a membrane filter having a pore size of 0.1 um
to prepare an upper resist composition.

[0395] The prepared upper resist composition was coated on the lower resist layer in the same manner and heated
at 130°C for 90 seconds to form an upper resist layer having a thickness of 0.20 um.

[0396] Resins (SI-1) to (SI-5) in Table 2 are shown below.

Molecular
. Weight
il
ot s
N I _
O~gi”
/ N\
(SI-2) N 24 AT, 14,500
—— AN A
(SI-3) 36 - 46 /P\ 9,600
o/

* 18
Si/ 0 (e} 0 \OAI;
/ ~
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Molecular
Weight

S P S G S S +

' ‘33 /30 ‘g
LS 0=} 0:{ 8,900

- Si(CHq) 4 © o

(SI-4)

SI5 \Ll/ile Ms 52 6
(SI-3) . o . o o 10,800

< o7 N\ 5i~o0_JFEt O 0/?1
o

(3) Evaluation of Resist

[0397] The wafer obtained above was exposed by an ArF excimer stepper 9300 (manufactured by 1SI) having mounted
thereon a resolution mask, while changing the exposure amount.

[0398] Subsequently, the wafer was heated at 120°C for 90 seconds, developed with a tetrahydroammonium hydroxide
developer (2.38 mass%) for 60 seconds, rinsed with distilled water and dried to obtain an upper layer pattern. The
exposure latitude, pattern profile and pitch dependency were evaluated in the same manner as in Example 1.

[0399] The results obtained are shown in Table 2.
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[0400] Asapparentfromtheresultsin Table 2, the photosensitive composition of the presentinvention exhibits excellent
property in exposure latitude, pattern profile and pitch dependency even when used as a two-layer resist.

Examples 24 to 29 and Comparative Examples 8 to 11:
<Preparation of Resist>

[0401] The components shown in Table 3 below were dissolved in a solvent, and the resulting solution was filtered
through a 0.1-w.m polytetrafluoroethylene filter to prepare a positive resist solution having a solid content concentration
of 14 mass%.

<Evaluation of Resist>

[0402] On a silicon substrate treated with hexamethyldisilazane, the prepared positive resist solution was uniformly
coated by a spin coater and dried under heating on a hot plate at 120°C for 90 seconds to form a resist film having a
thickness of 0.4 pm.

[0403] The obtained resist film was exposed through a mask for a line-and-space pattern by using a KrF excimer laser
stepper (NA=0.63) and immediately after the exposure, heated on a hot plate at 110°C for 90 seconds. Thereafter, the
resist film was developed with an agueous 2.38 mass% tetramethylammonium hydroxide solution at 23°C for 60 seconds,
rinsed with pure water for 30 seconds and then dried to form a line pattern. Thee exposure latitude, pattern profile and
pitch dependency were evaluated in the same manner as in Example 1.

[0404] The evaluation results are shown in Table 3.
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[0405] The weight average molecular weight and dispersity of each of Resins (R-1) to (R-5) used in Table 3 are shown
in Table 4 below.

Table 4
Resin | Weight Average Molecular Weight | Dispersity (Mw/Mn)
R-1 13000 1.2
R-2 11000 1.7
R-3 13000 1.2
R-4 10000 1.8
R-5 11000 1.8

[0406] AsapparentfromtheresultsinTable 3, the photosensitive composition of the presentinvention exhibits excellent
property in exposure latitude, pattern profile and pitch dependency even when used as a positive resist composition for
exposure with a KrF excimer laser. Examples 30 to 35 and Comparative Examples 12 to 15:

<Preparation of Resist>

[0407] The components shown in Table 5 below were dissolved in a solvent, and the resulting solution was filtered
through a 0.1-um polytetrafluoroethylene filter to prepare a negative resist solution having a solid content concentration
of 14 mass%.

[0408] The prepared negative resist solutions were evaluated in the same manner as in Example 24. The results
obtained are shown in Table 5.
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[0409] The structure, molecular weight and molecular weight distribution of each alkali-soluble resin in Table 5 are
shown below.

Mw  Mw/Mn
10 80
P-1 OO 16,000 230
OH
P-2 /%\ 12,000 1.2
OH :
P-3 k\©ﬁ 6,000 1.2
OH

VP-5000 produced by Nippon Soda Ceo., Ltd.
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CL-4

(I:H20Me CHQOMG /CHQOMS

/- N. MeO
MeOH,C N\"/NY CH,OMe N o
N___ \N>
MeO

\\[//N
\
/N\ CHZOMe
Meonc C HzoMe
CL-6

CL-5

[0410] Asapparentfromtheresultsin Table 5, the photosensitive composition of the presentinvention exhihits excellent
property in exposure latitude pattern profile and picth dependency even when used as a negative resist composition for
exposure with a KrF excimer laser.

Examples 36 to 41 and Comparative Examples 16 to 19:
<Preparation of Resist>

[0411] The components shown in Table 3 were dissolved in a solvent, and the resulting solution was filtered through
a 0.1-pm polytetrafluoroethylene filter to prepare a positive resist solution having a solid content concentration of 12
mass%.

<Evaluation of Resist>

[0412] On a silicon substrate treated with hexamethyldisilazane, the prepared positive resist solution was uniformly
coated by a spin coater and dried under heating on a hot plate at 120°C for 60 seconds to form a resist film having a
thickness of 0.3 pm.

[0413] The obtained resist film was irradiated by an electron beam projection lithography apparatus manufactured by
Nikon Corp. (accelerating voltage: 100 KeV) and immediately after the irradiation, heated on a hot plate at 110°C for 90
seconds. Thereafter, the resist film was developed with an aqueous tetramethylammonium hydroxide solution having a
concentration of 2.38 mass% at 23°C for 60 seconds, rinsed with pure water for 30 seconds and then dried to form a
line-and-space pattern. The exposure latitude, pattern profile and pitch dependency were evaluated in the same manner
as in Example 1.

[0414] The evaluation results are shown in Table 6.
Table 6 (EB, positive)
Exposure Latitude (%) | Pitch dependency (nm) | Pattern profile | Sensitivity (mJ/cm?)
Example 36 14.4 21.5 rectangular 10.2
Example 37 13.4 17.0 rectangular 17.3
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(continued)

Exposure Latitude (%) | Pitchdependency (nm) | Pattern profile | Sensitivity (mJ/cm?2)
Example 38 14.7 22.5 rectangular 16.9
Example 39 14.3 18.5 rectangular 10.3
Example 40 14.5 20.0 rectangular 11.8
Example 41 14.2 20.5 rectangular 12.5
comparative Example 8.9 42.5 tapered 10.2
16
Comparative Example 9.5 33.5 tapered 9.7
17
Comparative Example 8.7 37.0 tapered 11.8
18
Comparative Example 9.4 34.5 tapered 10.8
19

[0415] Asapparentfromtheresultsin Table 6, the photosensitive composition of the presentinvention exhibits excellent
property in exposure latitude, pattern profile and pitch dependency even when used as a positive resist composition for
electron beam irradiation. Examples 42 to 47 and Comparative Examples 20 to 23:

<Preparation of Resist>

[0416] The components shown in Table 5 were dissolved in a solvent, and the resulting solution was filtered through
a 0.1-pm polytetrafluoroethylene filter to prepare a negative resist solution having a solid content concentration of 12
mass%.

<Evaluation of Resist>

[0417] On a silicon substrate treated with hexamethyldisilazane, the prepared negative resist solution was uniformly
coated by a spin coater and dried under heating on a hot plate at 120°C for 60 seconds to form a resist film having a
thickness of 0.3 um.

[0418] The obtained resist film was irradiated by an electron beam projection lithography apparatus manufactured by
Nikon Corp. (accelerating voltage: 100 KeV) and immediately after the irradiation, heated on a hot plate at 110°C for 90
seconds. Thereafter, the resist film was developed with an aqueous tetramethylammonium hydroxide solution having a
concentration of 2.38 mass% at 23°e for 60 seconds, rinsed with pure water for 30 seconds and then dried to form a
line-and-space pattern. The exposure latitude, pattern profile and pitch dependency were evaluated in the same manner
as in Example 1.

[0419] The evaluation results are shown in Table 7.

Table 7 (EB, negative)

Exposure Latitude (%) Pitch dependency Pattern Sensitivity (mJ/cm?2)

profile (nm)
Example 42 15.5 215 rectangular 10.9
Example 43 13.4 18.0 rectangular 10.6
Example 44 13.0 19.0 rectangular 11.8
Example 45 14.4 20.0 rectangular 17.3
Example 46 15.0 21.5 rectangular 16.9
Example 47 15.3 24.0 rectangular 14.1
Comparative Example 8.6 40.5 tapered 11.3
20
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(continued)

Exposure Latitude (%) Pitch dependency Pattern Sensitivity (mJ/cm2)
profile (nm)
Comparative Example 9.0 44.5 tapered 10.7
21
Comparative Example 9.3 38.0 tapered 12.0
22
Comparative Example 8.9 38.5 tapered 9.9
23

[0420] Asapparentfromtheresultsin Table 7, the photosensitive composition of the presentinvention exhibits excellent
property in exposure latitude, pattern profile and pitch dependency even when used as a negative resist composition
for electron beam irradiation.

Examples 48 to 53 and Comparative Examples 24 to 27:

[0421] The components shown in Table 4 were dissolved in a solvent, and the resulting solution was filtered through
a 0.1-pm polytetrafluoroethylene filter to prepare a positive resist solution having a solid content concentration of 8
mass%. The evaluation was performed as follows.

<Evaluation of Resist>

[0422] On a silicon substrate treated with hexamethyldisilazane, the prepared positive resist solution was uniformly
coated by a spin coater and dried under heating on a hot plate at 120°C for 60 seconds to form a resist film having a
thickness of 0.15 um. The obtained resist film was planarly exposed with EUV light (wavelength: 13 nm) while changing
the exposure amount in 0.5-mJ steps in the range from 0 to 10.0 mJ and baked at 110°C for 90 seconds. Thereafter,
the dissolution rate at each exposure amount was measured by using an aqueous 2.38% tetramethylammonium hy-
droxide (TMAH) solution, and a sensitivity curve was obtained from the measured values. The sensitivity was defined
as the exposure amount when the dissolution rate of resist was saturated on the sensitivity curve. Also, the dissolution
contrast (yvalue) was calculated from the gradient in the straight line part of the sensitivity curve. As the yvalue is larger,
the dissolution contrast is better.

[0423] The evaluation results are shown in Table 8 below.

Table 8 (EUV)

Sensitivity (mJd/cm2) | Y value
Example 48 2.2 10.2
Example 49 1.9 11.2
Example 50 2.1 9.3
Example 51 2.2 9.7
Example 52 1.7 10.7
Example 53 2.3 10.2
Comparative Example 24 3.5 8.6
Comparative Example 25 3.3 7.6
Comparative Example 26 3.6 9.1
Comparative Example 27 3.8 8.1

[0424] Itis seen from the results in Table 8 that the resist composition of the present invention is excellent by exhibiting
high sensitivity and high contract in the characteristic evaluation by the irradiation of EUV light as compared with the
compositions of Comparative Examples.

[0425] This application is based on Japanese patent application JP 2005-015965, filed on January 24, 2005, the entire
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content of which is hereby incorporated by reference, the same as if set forth at length.

Claims

9.

A photosensitive composition comprising (A) a compound capable of generating an organic acid having a bond
which is cleaved by an acid, upon irradiation with actinic rays or radiation.

The photosensitive composition as claimed in claim 1, which comprises (A) a compound capable of generating an
organic acid having a structure represented by the following formula (l) upon irradiation with actinic rays or radiation:

0
\N—-yi —0— @

/

The photosensitive composition as claimed in claim 1, which comprises (A) a compound capable of generating an
organic acid represented by the following formula (1) upon irradiation with actinic rays or radiation:

HO;S—A—X—B—R (I

wherein

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(RXx)-,

Rx represents a hydrogen atom or a monovalent organic group,

R represents a monovalent organic group containing a nitrogen atom, said nitrogen atom being substituted by the
following formula (111):

0
(1)
—C—0—R'

R’ represents a monovalent organic group, and
when B is -N(Rx)-, R and Rx may combine to form a ring.

The photosensitive composition as claimed in claim 3, wherein the compound (A) capable of generating an organic
acid represented by formula (ll) upon irradiation with actinic rays or radiation is a sulfonium salt compound of the

organic acid represented by formula (II) or an iodonium salt compound of the organic acid represented by formula (11).

The photosensitive composition as claimed in claim 1, which further comprises (A’) a compound capable of generating
an acid compound other than the organic acid, upon irradiation with actinic rays or radiation.

The photosensitive composition as claimed in claim 5, wherein the compound (A’) is a sulfonium salt of fluorine-
substituted alkanesulfonic acid, fluorine-substituted benzenesulfonic acid or a fluorine-substituted imide acid.

The photosensitive composition as claimed in claim 1, which further comprises (B) a resin capable of decomposing
under the action of an acid to increase the solubility in an alkali developer.

The photosensitive composition as claimed in claim 7, wherein the resin (B) has a fluorine atom in the main or side
chain.

The photosensitive composition as claimed in claim 8, wherein the resin (B) has a hexafluoroisopropanol structure.

10. The photosensitive composition as claimed in claim 7, wherein the resin (B) has a hydroxystyrene structural unit.
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The photosensitive composition as claimed in claim 7, wherein the resin (B) has at least one repeating unit selected
from 2-alkyl-2-adamantyl (meth)acrylate and dialkyl(1-adamantyl)methyl (meth)acrylate.

The photosensitive composition as claimed in claim 7, wherein the resin (B) has a monocyclic or polycyclic alicyclic
hydrocarbon structure.

The photosensitive composition as claimed in claim 12, wherein the resin (B) has at least one repeating unit selected
from 2-alkyl-2-adamantyl (meth)acrylate and dialkyl(1-adamantyl)methyl (meth)acrylate, at least one repeating unit
having a lactone structure, and at least one repeating unit having a hydroxyl group.

The photosensitive composition as claimed in claim 12, wherein the resin (B) further has a.repeating unit having a
carboxyl group.

The photosensitive composition as claimed in claim 7, wherein the resin (B) has a silicon atomin the main or side chain.

The photosensitive composition as claimed in claim 7, wherein the resin (B) has a repeating unit having a lactone
structure.

The photosensitive composition as claimed in claim 1, which further comprises (C) a dissolution inhibiting compound
capable of decomposing under the action of an acid to increase the solubility in an alkali developer and having a
molecular weight of 3,000 or less.

The photosensitive composition as claimed in claim 17, which further comprises (D) a resin soluble in an alkali
developer.

The photosensitive composition as claimed in claim 1, which further comprises (D) a resin soluble in an alkali
developer, and (E) an acid crosslinking agent capable of crosslinking with the resin soluble in an alkali developer
under the action of an acid.

The photosensitive composition as claimed in claim 1, which further comprises at least one of (F) a basic compound
and (G) a fluorine- and/or silicon-containing surfactant.

The photosensitive composition as claimed in claim 20, wherein the basic compound (F) is a compound having a
structure selected from an imidazole structure, a diazabicyclo structure, an onium hydroxide structure, an onium
carboxylate structure, a trialkylamine structure, an aniline structure and a pyridine structure, an alkylamine derivative
having a hydroxyl group and/or an ether bond, or an aniline derivative having a hydroxyl group and/or an ether bond.

A pattern forming method comprising: forming a resist film from the photosensitive composition claimed in claim 1;
and exposing and developing said resist film.

An organic acid having a structure represented by the following formula (I) and a salt thereof:

— O 4y
/N C—0

4

An organic acid represented by the following formula (II) and a salt thereof:
HO3S—A—X—B—R (1

wherein

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(RXx)-,

Rx represents a hydrogen atom or a monovalent organic group,
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R represents a monovalent organic group containing a nitrogen atom, said nitrogen atom being substituted by the
following formula (1l1):

o

—C—Oo—R! (i

R’ represents a monovalent organic group, and
when B is -N(Rx)-, R and Rx may combine to form a ring.

A sulfonium salt compound of an organic acid represented by the following formula (Il) or an iodonium salt compound
of an organic acid represented by the following formula (11):

HO;S—A—X—B—R (I

wherein

A represents a divalent linking group,

X represents a single bond or -SO,-,

B represents a single bond, an oxygen atom or -N(RXx)-,

Rx represents a hydrogen atom or a monovalent organic group,

R represents a monovalent organic group containing a nitrogen atom, said nitrogen atom being substituted by the
following formula (1l1):

O
(IID)

—C—0—R"

R’ represents a monovalent organic group, and
when B is -N(Rx)-, R and Rx may combine to form a ring.
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